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(d) Mumbai is the capital of India is a statement.
(c) “Thesunis a star” is a statement.
(d) “Alas! I have failed” is not a statement.
(@) “New Delhiisin India” is true. So, it is a statement.
(d) “Everyone in the room is bold” is not a statement
because it is not clear which room is referred here and
the word bold is not clearly defined.
(d) “Mathematics is fun” is not always true. So it is not
a statement.
(c) This sentence is not a statement because it is a
question.
(a) “xisa natural number” is an open statement.
(d) x+3=10, x € Ris not a statement.
(a) “Please do me a favour” is not a statement.
(d) 'Two plus two is four', is a statement.
(d) Only declarative sentences are statements.
(&) We know that a month has 30 or 31 days. It is false
to say that a month has 35 days. Hence, it is a statement.
(d) (a) Everyone in this room is bold. This is not a
statement because from the context, it is not clear which
room is referred here and the term ‘bold” is not clearly
defined.
(b) She is an engineering student. This is also not a
statement because it is not clear, who she is.
(c) sin2@ is greater than 1/2. This is not a statement
because we cannot say whether the sentence is true or not.
(d) We know that, 3 + 3 = 6. It is true. Hence, the
sentence is a statement.
(c) “Where are you going?” is not a statement.
(a) “Parisisin England” is a statement.
(c) Mathematics is interesting is not a logical sentence.
It may be interesting for some persons are may not be
interesting for others.
.. This is not a propositions.
(d) x is variable upon which the truth value depends.
(c) Roots will be » and ®?, which are imaginary.
(@) (a) Itis false. (b) Itis true.

(c) Itistrue.
(b) Let p and q the statements such that is /5 an
integer q = 5 is an irrational number.
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Then, negation of the given statement, /5
is not an integer and 5 is not an irrational number
~(pvag=~par~q
(b) p:ltrains, q: I shall go to school
Thus, we have p = q
Its negation is ~(p=q)ie.pA~(Q
i.e. It rains and | shall not go to school.
(a) S: “If you are born in India, then you are a citizen
of India.”
Contrapositiveof p > qis~q—>~p
So contrapositive of statement S will be :
“If you are not a citizen of India, then you are not born
in India.”
(b) p:Anumberisaprime
Q : Itis odd.
We have p = q
Theinverseofp=qis~p=~q
i.e., if a number is not a prime then it is not odd.
(b) Itis obvious.
(c) Required conditional has positive antecedent and
negative consequent.
(c) Itis obvious.

(a) Correctresultis (~pv~q)=(ras)

So, ~(pAQ)=(ras)

d ~sv(~ras)=(~sv~na(~svys)

= (~sv~r (. ~svs)istautology)

=~ (SAT)

© p=d=~pvg ~~(p=0)=pA~(
(b) Inverse =~ (pA~Q) >~r=(~pvQq)>~r

© ~[(pv a@v=-N=~(pvav~-@Qv=~n
—(-PA~Q) v (~qAT)

@ [pla|~p|prd|av~p|(pra)—> (v ~p)
TIT|F| T T T
TIF|F| F F T
FIT|T| F T T
FIFIT| F T T

(b) Required proposition is a negation of conjunction.
(d) Itis obvious.

(d) (a)p v(er) ET\/(T\/F) =TvT=T
®PEA@AN)v~=(PvADArvsS)
=(TATAR)v~TAR=0AFRVvT=T
©(~Parqv~-nN=~TAF)v-~F

=T v T = T. Hence its dejunction too is T.
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(@ ~PvQ means FvF=F,~rmeans
F(~pvQg) A~r means F
w[(~pva)a~r]=pmeans T

[-inp=qwehave FTT]
(b) Since~(pvg)=(~pA-~g)and~(pAq)=(~pva)
So option (a) and (d) are not true.
(p — q)=p A ~Q), S0 option (c) is not true.
Nowp —>qg-~pv(
~q->~p=[~(~a)v~pl=qv~p=~pvq
p—>q=~q—>~p
©

Pla|-q|pa~q|p—>(par-q)
TIT|F| F F
TIFlT | 7 T
FIT|F] F T
FIF[T] F T

®) (~p>~q)vr=(T>F)vF=F/F=F
@)

pla|~-p|~q|~(-pv~Q)
TIT|F|F T
TIF|F|T F
FIT|T|F F
FIFITI|T F

(b) (pAQ) A(QAT)istruemeans pA g A (AT areboth
true. = p, q, r are all true.

© ~(p=a=pr~q
L=(p=>~0=~pA~(~0)=~pnrg
Thus ~(~p=>~q)=~p~ag(

(c) "gonlyifp"isnotequivalent" p — q".

©

p | d[p=al ~p |~pva| (PP (~pva)
T T T F T T
T|F| F | F|F T
F T T T T T
F F T T T T

@ ~[=pra)v(pr~I=(pv~a)A(~pva)

(d) land Il are converse of each other.

(@) Letp:x,ye Zsuchthat x and yare odd.

g : Xy is odd.

To check the validity of the given statement, assume that
if p is true, then q is true.

p is true means that x and y are odd integers. Then,

X = 2m + 1, for some integer m.

y = 2n + 1, for some integer n.

Thus,xy=(2m+1) (2n+1) =22mn+m+n) +1
This shows that xy is odd. Therefore, the given statement
istrue.
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Also, if we assume that g is not true. This implies that we
need to consider the negation of the statement g. This
gives the statement.

~(: product xy is even.

This is possible only, if either x or y is even. This shows
that p is not true. Thus, we have shown that

~g=~p

Note: The above problem illustrates that to prove p = q.
Itis enough to show ~ g =~ p which is the contrapositive
of the statement p = g.

(d) Itis obvious.

(@ It is obvious.

(b) Since, the statement ~ g —~ p is contrapositve of
the statement p — q.

() Let p:Ram secures 100 marks in maths

g : Ram will get a mobile

Converse of p > qisq —> p

i.e. If Ram will get a mobile, then he secures 100 marks
in maths.

© ~l(prd)>CGpvnN]l=(prgv[-(~pvi)]
=(PArdAr(pa~T)

(a) Given result means pA~r istrue, gvr is false.
(b) ~(pv(Ea)=~pr~(~a)=(p)rq

(©)

plgl~p|~q|~p—>~q|~g—>~p | Required
T|T| F | F T T T
TIF| F | T T F F
FIT| T | F F T F
FIF| T | T T T T

@ ~[pv(pad]=~pa~(-pva)
=~pA(=(=p)A~0)

=~pA(pr~0)
(c) Itisa property
(c) Statement: = 2+3=5and8<10

Negation: 2+ 3=5and 8 ¢ 10
(a) The contrapositive statement is “If Chandigarh is
not in India, then Chandigarh is not the capital of
Punjab”.

. (@ p—pvqis atautology.
. (@)

pla|pag|pva|~(pva)|(prd)A~(pva)
TIT][ T | T F F
TIF[ F | T F F
FIT] F [ T F F
FIF| F | F T F

S (pAg) A (~(pvQ)) isacontradiction.
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63. (d) (q— p)— pisnota tautology. 67. (c) o=pp=-pl-pop|Go-DACpSD)
64. (@ (PAr~aA(~pag)=f T F F T F
65. (@) Only (i) correct statement. Fl T T = =
66 @ [pla[-p[-a[pr-a]-Pva[®r-DrCPvA) Clearly, (p=~p) A (~p=q) is a contradiction.
I I E $ $ ; E 68. (b) p= qis logically equivalentto ~q=~p
FITI T E F T F L (p=>q)e (~q=~p) is a tautology but not a
FIE[E T [ T [ contradiction.

69. (d) ~pra)—>(pva)
= ~{Cprggapar~aq}=(@v-a)v(pva)
70. (b) (pva)v(pv~a) = pv(@vp)v~q
=(pvpv@v~q)=pvT=T
Hence, second statement is tautology.

Clearly, (pA ~q) A (pv ~q) isacontradiction.

1. @ |p q p—>q [ pa(p—a) (PA(p—1))—0a q—>pA(p—0) pAQ pv(prd) [ pva|pa(pva)
T T T T T T T T T T
T F F F T T F T T T
FIT T F T F F F T| F
F|F T F T T F F F| F
72. (b) qisfalseand [(p A Q) <> r]istrue
As (p A q) is false —[(~(p—>(~q)))v(~((~ q)—>p))]
[False <> r]istrue B _ B
Hence r is false Here, ~(p—~a)=(pr~a)
Option (a): saysp vr, S L
Since ris false o.[(Pra)v(-ar-p)]na
Hence (p v r) can either be true or false =paq
Option (b): says (pAT) = (P V) 76. () @ pv(@—>p)=pv(~qvp)=pv~q(NotT)
g?r:;:;) Ilisflieis true and b) ~g—>=p=p->qNotT)
F — Fisalsotrue © avpv(pargv(pag) =T
73. (3) Bytruthtable: @ F
pTal-a[e-a]-p[pr-a[pva]popvalpra[@rasp[-pva] | P|9|PAd|~(Pra)|~(pPra)va|pva|p—(pva)
TIT|F] T F F T T T T T T|T| T F T T T
T|F|T | T Fl T T T F T F TIE F T T T T
FIT|F F T F T T F T T
FIF|T| 1 |T] F | F T F T T FIT] F T T T T
FIF| F T T F T
(pAQ) —;('* p)va | (pva) —>T(|DV(~ q)) b= (pv ) is also  tautology,
T T 77. (c) We consider following truth table.
T F p[a|~p|-afprgfpva|Ceva)] Prd)AaCEva)
T T T{T|F]F] T T F F
TIFIF|T| F | T F F
4. @ wpv(~-p=t FlTlt[Fr] F | T F F
FIF|lT|T] F F T F

75. (d) Givenstatement (~(p<q))Aq

B ((p (- q)) A((~ q) - p)) N Clearly last column of the above truth table contains
only F. Hence, (p A Q) A (~(p v q) is a contradiction.

N \\
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78. (d) Thetruth value of ~(~p) <> p as follow

~p|~q|~p=>~q[~pva|(=p)=(a)r(-pVa)
P [ =P |~Gp)|=(p)op | po>~(p) [~(p)op F|F T T T
T F T T T T F|T T F F
F T F T T T T F F T F
Since last column of above truth table contains only T. TT T T T
Hence ~ (~p) <> p is a tautology. 83. (b) Given expression is
79. @ ~(P->9-=>[=p)vDl=(PAr~aq) —>~(prQ) (pAg) = (rv ) A((PAT) = )
80. (@ (p—>a)v((~p)rQq) We know, P= ( isequivalentto ~pvq
(=PAravva)a(=(par)va)
Pla|~p|pP—>q|~pArq|(p—>0q)Vv(~p)AQ) =(~(pv~qvrvg)a(~pv~rvaq)
T|T|F T F T =(~pvrvt)a(~pv~rvq)
TIF|F F F F (A (- pv -1y )
FIT| T T T T = pv~rv(
FIFIT T F T For this to be tautology, (~pv ~rvq) must be always

Z

ot a tautology true which follow for r=~p or r=q.

84. (b) Si=((pva)=r)<=(p=r)

pld|~p|d—>p|(~p)Ad|(g—>p)—>(~p)AQ)
TITlEl T pla |r [pvg [(pva)=r | p=r]|((pva)=r)=(p=r)
TTETE T T = = Tt T[T T T T
ElTI T F T T T[T [|F[T F F T
T = = TIF[{T]T T T T
TlF[F]T F F T
Not a contradiction FITITIT T T T
81. () Given(i) p— (PA(p— Q) FIT|F|T F T F
pvPArpva) E E l E 1 1 1
=p)v(dv(pra))
~pv(PAQ)=(~pVP)A(~pva) =~ PV S;=(pva)=re((p=r)v(g=e))
(i) (prg) > (~p—0Q) pla ] r [ (pvg)=r|p=r]|g=r |(p=rv(g=r))|S2
TlT]T T T[T T T
~ =t
(pra)v(pva) T[T [F F FLF F T
{a,b.d}v{a,b.c}=v TIF [T T T | 71 T T
Tautology T[F[F F FlT T F
(iii) (pA(p—>Q)) >~q FIT]|T T T T T T
N P FITIF F FLF F T
N(pA( IIovq))v q=~(pAQ)v~q=~pv~q =TT = =TT = T
ot tautology FIF[F| T | T T T T
(iv) pv(prQ)=p S2 — not a tautology
Not tautology. 85. (b) Given, (pA ~q) = (p— ~0Q)
So, option (b) is correct. =(~(pA~Q) Vv (~pVv~0Q)
82. (d) =(~pvav(-pv~0)
plalp=q|~a|pr~q](P=a)v({Pra) =-pvi=t
Tt T F F T 86. (c) By definition
87. (a) By definition
TR P T T T 88. (d) By definition.
FIT] T | F F T 89. (c) By definition.
FIF| T T F T 90. (b) By definition.

N\ |\
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(b) Bydefinition.
(@ Case-l:If A=v=yv

91
92.

(pva)—((pvQq)vr)=tautology
then (pvq)vr=(pAr)vq

Case-1l : If A=V=na

(PAG) > ((PAG)AT)
It will be false if r is false.
So not a tautology

Case-ll1:If A=v,V=na
then (pAg) —>{(pva)ar}

Not a tautology
(Checkp—>T,q—> T, r—>F)

Case-IV:If A=AV =V

(prg) >{(pra)vr}
Not a tautology

93.
@)

() By options

p=riq

rv(~p)

(PAg)vr

rv (~p) =
(PAQ)vr

T

T ||

|||

=+

F
T
T

(prQ)

(PAg)vr

rv (~p) =
(pPAd) vr

eI

| m|m|—

[T |+

T —(|

o
o

rv(=p)

(pra)

(PAQ)vr

rv(-p)=

(PAQ) vr

mim (4

—|m|—|m
—|m|—|m

m|m|m|—

—|T|=|

=]

!
=]
©

rv(-p

(pra)

(PAg)vr

rv(=p) =

(PAQ) vr

—|7n{

||

mi—|m

mi{m|

—[—|7|m
T

n

T

T

Tn

—|T|=|4

—|n|=|4

Now final answer is option no. 3.
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(b) Given tautology ((pA ~q) v ((~ p) AQ)) will be always
true when the choices of A would be ‘v’ and ‘=",
Therefore, number of the total choices are 2.

© (pr-g)—>(pva)
=~ (pr~a)v(pva) =(~pva)v(pva)

=(~pvp)v(gvag)=tvg =t

(a) Explanation : All should be on in-order to complete
the circuit

(c) Explanation : Anyone should be on in-order to
complete the circuit.

(b) Switches in seriesuse ‘A’ and switches in parallel use “v/’.

(a) Switches in series use ‘A’ and switches in parallel

use ‘v’.

100. (a) Explanation : The circuit will be complete if (P) is

true, Q v ~ Q will always be true
ACCELERATOR

Topic-wise MCQs
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x2-3x -4 =0, X e Ris not statement.
Unity and number itself are the only two factors.

For x e{L,2},3% <3x+5

(d) For xeN,x+5>4

(a) Every element of option (a) satisfies the given
inequality.

(c) We note that p and q both are false statements, so
compound statement p v q is false.

(c) Let us consider one by one:

The connecting word is and. Both the statements are false.
So, the given statement is false.

(a) Both these statements are true. Therefore, the
compound statement is true.

(a) We know that both these statements are true. The
connecting word is and. So, the given statement is true.
(d) Itshouldbe 19 #13and 12 £15.

(a) The true quantified statement is ‘the square of every
real number is positive’.

(@) Inclusive “or”. 17 is a real number or a positive
integer or both.

(b) p—(gvr) If2iseven number then 2 isa prime
number or 2 + 2 = 22,

(c) PAd means Mathematics is interesting and
Mathematics is difficult.

(b) P : thereisarational number x e S suchthat x>0
~ P : Everyrational number xe§S satisfies x<0

(b) It is obvious.

(c) p:wecontrol population, q : we prosper

.~ we havep=q

Its negationis ~(p=q)ie.pa~q

i.e., we control population but we do not prosper.

(b) Since the statement g — p is the converse of the
statement p — q.

(©
©

(b)
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() ~p: Ashok does not work hard

Use '—' symbol for then

(~p — q) mean = If Ashok does not work hard then he gets
good grade.

(b) Itiscorrect.

-+ /3 is not rational but it is real.

(b) Itis obvious.

(b) It is obvious.

(a) From given statement

P—>(~QAR)
=~PVv(~QAR)=(~Pv~Q)A(~PVR)

(c) According to option take truth value of p, gand r

q ~p|~q|A:(pvag)|B:(~pvr)| AAB|C=~qvr | (AAB)>C

T T T T T

M| m | =

E
F|F T
=

= |4 Ao

F T

M| 4| n
M= n -

F F T
T F F
F T T

FIF|T ]| T

25.

26.

217.

28.
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30.
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. option c is correct ]
(a) Given, statement p is true (T) and statement q is false

(F).
So,p—>q=T—>F=Fandp<q=T«<F=F

(d) Given statement is (P A (R)) —» ((~R) A Q)
X = Yisa false

when X is true and Y is false
So,P>T,Q—>FR—>F

@ PvQ—>~RisT

(b) PvQ— ~PisT

(© ~PvQ)— ~RisT

(d) ~PvQ)— ~RisF

d) (pra)—>(~qvr)

=~(pArg)v(qvr) = pv~a)v(~qvr)
=(pv~qvr)

~(~ pv ~qvr)isfalse, then ~p, ~q and r all these must

be false.
= P istrue, qis true and r is false.

(a) Given statementp — (~ g v r) is False.

= pisTrueand ~qv ris False

= pis True and ~ q is False and r is False
truth values of p, q rare T, T, F respectively.

(d) P = Ramesh listens to music

~ = Heis in village.

r v s = Saturday or sunday

.. Given statement is satisfy.

P=((~q) A (rvs)

(d) According to given statements ‘Ramu is intelligent

and honest if and only if Ramu is not rich’.

So, PA~R)<~Q
We need to find negation of above statement.
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Then, ~[(PA~R) &~ Q]
:>P<:>QE[P/\QV(~ P/\~Q)]
~[{~(PA~RV~Q} A {QV(PA~R)}]
Therefore, ((PA~R)AQ)v (~ Qa(~ PV R)).
(c) Given statementS, : (~pv Q)v (~pv 1)
=~pv(qvr)

S;ip—>(@vrn)

=~pv (qvr) — By conditional law

S,=S,

(c) If we take

plqj|ri{s
FIF[T[F

The truth value of all the propositions will be true.

(a) Statement : for all M > 0, there exists x € S such
that x > M.

Negation of statement : there exists M > 0 such that
x<mforallxe S

(- Negation of ‘there exists’ is “for all’.)

(c) Letp: weatheris goodand q: ground is not wet

v ~(pA~0)=~pvqg
So, negative statement : The match will played only is
the weather is not good or ground is wet

(c) Weknowthat, Contrapositiveof A—>Bis~B— ~ A

.. Contrapositive of the given statement will be

~ (you will earn money) — ~ (you will work)
i.e., if you will not earn money, you will not work.
(b) Negation of given statement is ~ ((A A C) - B)
~(~ (A A C) v B). Using De-Morgan’s law,
So, (AAC)A(~B)
(b) CP)rg=pnag
(d) p=(~pvQ)isfalsemeanspistrueand ~pvq is
false.

= pis true and both ~p and q are false
= pistrue and q is false.

(0) ~[(pvaarl=~pvav ~r=0par~qv~r
(c) The inverse of the proposition (p A ~Qq) —>ris
~(pA~Q o~

=~pv=(-a)>~r

=~pv(qgq—o-~r

(d) Weknowthat~(p—>q)=pA~q

L(pAan o rva)=@EAanAl~(rval
=(PANA(CTraA~)

(d) Converseof (-p) A Q) =
=r=>(prg)[Aspo>q=~pval=-rv(-pAaq)
=—rv=(pv-a)=(v~a) =-r
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43. @ ~Ipvayr@v(=n)]
= ~(pPvav-@v(n)

:t/\[~(p/\q)v(r/\p)1 =~(pAq)v(rap)

= (pA~Qv(=qar =(pAg)=(rap)
Apply distribution law .
= ~qAa(pvr)=(~pvNa(~q) 49. (d) Given:(p—aq)A(@—-~p)

4. () P—>a—>@—>p =(~pva) A(~qv ~p) {“p>q=~pvaj
= ->ava—pl [Asp—q=-pvd] =(~-pv Q) A(~pv~Q) {commutative property}
= P>ar=(@—>p) =~pv(qA-~q) {distributive property}
= (~pva)A(@A~p)=>qA~p. vE=

Plalp=dla=p[(P-20->0=p) |~ (P20 >E@-P]] 5 OA~0) = Qv ~p)

nrp T T T F ==(PA=Q)v(@v~p)=(~pva)Vv(~pva)

T|F F T T F =~pv q=p=¢(q

FIT] T F F T 51. (b)

FIFL T | T T F Pla|~a|pr~a[~p|p>~(pr~q)|~pvqg

45. @ |P|A|~p|~q|pr~q|(Pr~qQ)Vv(~p) T|IT|F F F T T

TIT[F|F| F F TIF|T| T [F F F

TIF| F | T T T FIT| F F T T T

FIT|T|F| F T FIF[T] F [T T T

FIF]T | T F T . p—~(pA~q) isequivalentto ~ pvq
Now, (~pva)ap=(~pAp)v(aAp) =PAq 52. (a) ((pvr)—>qu))

46. (d) ~@v(a)Ap) —(pvr)a(=qvr)
= ~ga~((~a)Aq) = ~qA(@v~p)
= (~qAQ)V(~qr~p) =(pvr)a(=(ar=n))
=Cv(-qr~p) = (-ar~P)=(~P)A(~ ) =((pvr)a=1)r(~q)

47. (c) Given boolen expression are =((pv~r)v{ra~1))A(~q)

~pvg=p—>gand~q A p=~(p—0q) =((pA~r)vf)a(~q)
Negation of ~(p - q) > (p — Q) =(pA~1)A(~0)
is~(p->aA(=P—>0a)ie,~(p—>0q) =pA~QA~T

8. @ (pra)=((rra)ap)==(pra)v((rra)ap) 53 @ = (PvQ)A(=P)>Q
=~(p/\q)v((r/\q)/\(p/\q)) =~(Pv(_3)vP\{Q:>Itisatautology

only option (d) is a tautology because
=[~(pra)v(pra)]a(~(pra)v(rap)) ~(P->Q=~(-PvQ=Pr~Q

54. (c) Given propositions Pl: ~(p —>~Qq)

P2: (pA~a)A((~ p)va)
Required table is shown below.

p q [ ~p[ ~q[-pvqd [ PPV [P>-0 [ ~(Pp>-@ [pr-0] Pr-DA(DvI
T T | F F T T F T F F
T F | F T F F T F T F
F T | T F T T T F F F
F F T T T T T F F F

If pistrue, g is false see from table P1 and P2 both are false.
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55.

56.

S7.

58.

59.

60.

61.

62.

63.

(@ Contrapositive statement will be

“For an integer n, if n is not odd then n3 — 1 is not even".
or

“For an integer n, if n is even then n3 — 1 is odd".

(b) Contrapositive statement will be "If a function is not

continuous at 'a’, then it is not differentiable at 'a’.

(d) Contrapositiveof p—>qis ~q—>~p

i.e. contrapositive of 'if p then q' is 'if not g then not p'.

@ Since,(PACAv (P AD V(P AGD)

=EACD) V(P A @Y ) =P A () v ((-p) A1)

=(PAC))v(EP)=(pvp) APy ~0)

=tA(pv~0)=~pv~q

©)
Pl a | r [pva]|pvr (v avr |(pva)
(pvr) (pvr)
_)
qvr
T T T T T T T T
T T F T T T T T
T F T T T T T T
T F F T T T F F
F T T T T T T T
F T F T F F T T
F F T F T F T T
F F F F F F F T
Hence total no of ordered triplets are 7
@ ~pv(E@Ea)l
=~pA(pAq) [..~(p)=p]
=(pAg)A(~p) [. commutative]

© ~(pr(p—-a))
~(PA(=pv~q))=~{(pr~P)v(pr~ )}
={cv(pr-a)} =={(pr~0)} ==-pVa

@ Letr=(~(PAQ)V(-P)AQ):s=(=P)A(-Q)

P| Q~F(PAQ)| (-P)AQ| r | s |r—s
T| T F F F| F| T
T| F T F T| F F
F| T T T T| F F
F| F T F T| T T
By options
A~PvQ |B:(~-QvP) | AAB

T T T

F T F

T F F

T T T

(b) Given B — ((~A) v B)

Asp—>Qq=~pvq

So~Bv (~AvB)=(~BvB)v~A[. Commutative]
=Tv~A=T

65.

66.

68.

MHT-CET-Mathematics
Now checking options

@B—>(A—>B)=~Bv(A—>B)=~Bv~AvB=T
b)A—>(A-B)=~Av(A-B)=~Av[(A—>B)A(B—A)]
=~Av[(~(AvB)A(~BVvA)]
=~Av[~(AvB)=~Av~AA~B
=~AA~B=~(AvB)

C©A->(~A->B)=~Av ~A>B)=~AVvAVB=T
dB—>(-~A—>B)=~Bv (~rA—>B)=~BVvAVB=T
Here, T is used for tautology.

(& Wehave P=Q=~PvQ

(P=Q)A(R=Q)
= (~PvQ)A(~RvQ) =(~PA~R)vQ

= ~(PVR)VQ :>(PVR):>Q

(b) We know that p — g is false only when p is true and
q is false.

Sop — (-~ p v q) is false only when p is true and
(~pvQ)is false.

But (~ p v q) is false if q is false because ~p is false.
Hence p — (~ p v q) is false when truth value of p and g
are T and F respectively.

(d) (prg)=(pnr)

~(PAG)V(pAT)

(~pv=a)v(pAan

(~pv(P/\r))v~q

(~pvp)a(~pvr)v~q

(~pvr)v~q

(~pv~q)vr

~(pAq)vr

=(pag)=r

(b) Given statement is
pP=>vP->nN=CpvavEpvn=~pv(vr)
=p—>(gvr)=(c)istrue.

Now, () (p A~ 1) >

~(PpA~1)vag=(~pvrvg
=~pv(vg=p->(@Qvr)

From option (d).
(Pr~q)>r=~(ar~q)vr=(pvavr

(c) Given (par) = (pA(-a)=(~p)

takingr=q
Pla|~p|~ad|pAq|pr~d|(pAg)<(pPA(~0)
TIT|F|F| T F F
TIF|F|T]| F T F
FITIT|F| F F T
FIF|T|T| F F T
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70. (3

77.

78.

79.

80.

69. (b) Letus make the truth table for the given statements, 73. (c) Logical statement,
as follows : =[~Cpva)vPANIA(~gar)
=[(pr~a)v(pANIA(=qAT)
o e R S L A = [(PA=DACGADIVIOADA-dAD]
T|F[ T T T T =[pAa~gar]vipara~d]
FIT| T F T T =(pA~Qq)Ar
FIF| F T T T =(pAnA~q
From table we observe 74. d) ~pAg=-(q—p)
p — (g—p) is equivalent to p—(pvq) 5 @ p:((AA(BvC)):(AvB)):A
:(pVQ)V(~qu)) [~ (Ar(BVC))v(AVB)]= A
=Cpr=a)v(=pva) [(A/\(B\/C))/\~(A\/B):|\/A
==pA(=qvg)=-p (fvA)=A~p=-A
1.@ ~(p=>g=~(pva)=~par~q -
72. (c) Consider the expression % @ [p/\ an p/\qﬂ
«p(Aq)v§pv(~q))A<)~pA~q) ==pv(-av W)
= A=A {=pr=4 ==pv((~avp)a(~qva)
= (v~ r~P) A (v~ )r~0) _ VE Vo) )
= (PA~P) v (~ar~pP)A~ ="Pvizavp
= (~pr~)A~0q = (~pr-Q) ==(pAg)vp
© Ipla|r|pvalgor|~r|(pva)a(@a>r)a~r|pag|((pva)a(a—r)a~1)>pag
T|IT|T| T T F F T T
TIT|F| T F T F T T
TIF|T| T T F F F T
TIF|F| T T T T F F
FIT|T| T T F F F T
FIT[F[ T F [T F F T
FIF[T] F | T [F F F T
FIF|[F] F | T [T F F T
(b) Negation of given statement =~ (pv (~ pAQ)) options [ 1 [2[3]4
=~pAr~(~pArg)=~pa(pv~0q) T/ T|T|T
=(pAg)v(-pAa=aq) T\FIT|T
=Fv(~pr~g)=~pr~q FITIT|T
(8) p:xeo=y=(x>=y)A(~y—>x) , FITIFIT]
— (= xv~ V) A(YvX) 81. (@) Given conditional statement is
B o (@A) > (~p) vO) V(= P)vE) = (PAT))
== (XAy)A(xvy) (= (xay)==xv~y) = Here, (A — B) is equal to (~A v B).
Negation of p is From given statement,
~p=(XAY)V - (Xvy) = (XAY)V (XA~ Y) = (~pv~a)v(=pvr)v(paq)
@ [plal~p[~a][~pva = ~pv(rv=-a)vp(s(~rva))
TIT| F | F T If negation of p and only p is present with union, then it
el el T E represents tautology.
82. (c) pvg=>q
FIT| T F T =~(@va)vqg
F|F T T T :(..p/\-..q)vq

N \\



83.

84.

85.

86.

87.

88.

89.

90.

N\ |\
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=>Cpva)a(-qva)
=>Cpvaat=~pvq

from options we can say option (c) is correct
(PArg)=~pvag=~pv~qv~pvg=t
b) For(b):*=v,e=v

(Pva) v (pv ~0) =t

(d AA(A—>B)>B=(AA(~AvB))>B
=(AA~A)Vv(AAB) >B=(AAB)—>B
=~(AAB)vB=(~Av~B)vB=T

91.
@ (pa(p>a)a(gor))—>r
=(pA(=pva)v(~qvr))->r
=((pAd)a(=pvr))>r=(pagar)>r
=~ (pagar)vr =(~p)v(=a)v(=r)vr
= tautology
d @@P->9vEg-p)=Cpva)v(gvp)
=(~pvp)vag=tvg=t
It is tautology. 92.
() (@—p)v(~a—p)=(~qvp)v(avp)
=(~qvQ)vp=tvt=t
It is tautology.
©P—->~qvEqgop)=(pv-q)v(@vp)
=(pvav(~qva) =tvt=t
It is tautology. 93.
d)(a—a)v(a—p)
=(pva)v@vp=(pvpv@@vp)=pvq
Which is not a tautology.
(b) p=0q < q*(~p)isatautology.

p = gand g * (~ p) have same truth value for all
logical possibility.
qa*(~p=p=q

So,p*~q=q=p
(& Wehave p—>qg=~pvqg
S(prg) > (po>a)=~(prd)v(p—q)
=(~pv~a)v(~-pva)
=~pv(qv~q)=~pvt=tisatautology.
(a) We knowthat p—>qg=~pvq o

So, (pAg)—=>(p—>a)=~(pArg)v(p—0q)
=(~pv~q)v(~pva)
=~ pvgv~Qg=~pvt=t

is a tautology.
So, option (a) is correct.

@ F,= (AA~B)v[~CA(AvB)]v~A
=[(AA~B) v~ Alv[~CA(AvB)]

=[Av~AA(~Bv~AVv[~CA(AvB)]
=tA(~Bv~A)Vv[~CaA(AvB)]
=(~Bv~A)v[~-CA(AvB)]
=[(~Bv~A)v~C]A[(~Bv~A)v(AvB)]
=[(~Bv~A)Vv~C]Jat =~Av~Bv~C =t

F, =(AvB)v(B—>~A)=(AvB)v(~Bv~A)=t
(d) The truth table of both the statements is

Pl a|~p|~al|dvp|pc>~q]|(St)|~p>a| (S2)
T|T|F|F|T F F| F F
TIFIF|T]| T T T T T
FIT|T]|F T T T T F
FIF|T|T| F F T| F F

S, is not tautology and S, is not fallacy.
Hence, both the statements (S,) and (S,) are not correct.
(c) Take the options one by one.

@ (arprg=(qgrgap=f

0 arp)a(par~p)=~ar(pr~p)=f
© (arpv(pv~p)=(arp)v(t)=t
@ (Prd)Aaprg)=f

(0)

A plal~a][p>al~p[Car(poa)| @)
TITIE| T | F F T
TlelT| F | F F T
FlTle| T |7 F T
FlelT| 7 |7 T T

®[pla]pval~p](pvayr~p[(®)
TIT[ T | F F T
Tl T | F F T
ElT| 1 | T T T
Fle| F | T F T

Both are tautologies.
(@ Thetruthtableof (p —>(q— p)) > (p—>(pVvQq))is

(P—(q—p))

P—>(@va)ja—p|p—>@—p)| T "0 o)

plajpva

T
T
E
E

bl B B I |
m|4|4]0O
|44

T
T
[=
T

—| A=+
—| A=+

Hence, the statement is tautology.
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9. d S;:(P=09)A(PA-Q) 5. (@ Sumanisbrilliant and dishonest ifand only if Suman
=(~Pvq)a (PA~0) is rich is expressed as: Q <> (PA ~R)
=(~PAPA~Q)V(GAPA~Q) Negation of it willbe ~ (Q & (PA~R))=~Q <~ PVR
— (f -~ FAP)= fufef 6. (d PisTrue QisFalseandRis True
=(fr-a)v(fAP)=Tvi= @ (~P)v(QAR)=Fv(FAT)=FvF=F
S,:(PAQ)(~-PAg)v(PA~qQ) Vv (~PA~0Q) b)) PAQV(-R)=(TAF)V(F)=FVF=F

© P)ACFQAR)=FA(TAT)=FAT=F

=(EveRAgvPy-Ra~g @ Pv(QAR) =TV (TAT)=TvT=T

=qv-gq=t . -
96. (c) Explanation : The circuit will be complete if Ristrue /- (d) Given expression is p < (a=p)
and Qs false or P is false. ~ (p < (- p))
97. (@) Explanation: The circuit will be complete if Ristrue
and Q is false or P is false. [+~ (pea)=(pr~a)v(ar~p)]
98. (a) Explanation: The circuitwill be completeif (~ P) is ~ (p < (q - D)) = (D/\ = (q - D))V ((q - p)/\ ~ p)

trueand Sis true. - N _ o _ B
99. (@ Explanation: This can beachieved by turning one of L- (p/\ (9 p)) Pr(ar~p) =(pr=p)ra=c]

switches N or M on. (q—>p)/\~p=(~QVp)/\~p :~p/\(~qvp)
100. (@ Thecircuit will be complete if P istrueand Q is false. = (~ PA ~ q)v(~ PA p) =~pA~q(

m PREVIOUS YEARS MCQs w~(pe(a=p))=cv(~pr~a)=~pr~g
8. ® ~[TAT)v(FvF)]=-(TvF)=-T=F

9. c) Statement given in option (c) is correct.

L@ ~(ERA)=-Cpv-a=pv(-0 S Mvraat iy Pt S
2. () ~gq—>-~p 10. (c) Contrapositiveof p=0q is ~q=~p
3. (€ ~PA-~q . contrapositive of (pvQ)=r is
4. (d) Given expression is (~ (pAQ)) v ~r=~(pvoie~r=(~pa~q)

(- pv-Q)vg =~ PV -qvg =~ pyT 1. (b)) (PA~Q)A(-PAG)=(PA~P)A(~qAQ)

make truth table =cncC=cC )

(By using associative laws and commutative laws)

Pla|pagq|~(prq)|~(Prg)va |pva|p—(pva) ) -

T T F T T T S (pAa~ag)A(~ pAQ) isacontradiction.

T|F| F T T T T

FIT| F T T T T

FIF| F T T F T

p — (pvQq)is also a tautology.
12. ()
pla|r - P pAQ ~pAq ~rv(pAd) (Pra) A (Pra)A[=rv(PAQ]V (~pAa)

[~rv(pAra)]

T T | T F F T F T T T
T| T F T F T F T T T
TIF | T F F F F F F F
T| F F T F F F T F F
FIT | T F T F T F F T
F| T F T T F T T F T
FIF | T F T F F F F F
FIF|F | T |T F F T F F

L (pAAl-Tv(pAg]v(-PAg)=Q

N \\



s-XI1/12 MHT-CET-Mathematics

13. @ ~(p—>~0)=pA~(~a)=pAg Option (d): (P—>a)A(PAg)=(~ pva)a(pAa)
14. () p=The weather is fine =[(~pva)rg]ap=qgap
g = My friends will come and we go for a picnic. It is not tautology.
.. given statement can be writtenas: p —q 18. (a) Afterreplacing ‘v’ by ‘A”and ‘A’ by “v’, we get dual
... its contrapositiveis: ~q—~p of the statement~p A (qQv C)is~pv (QAat)
i.e. If my friends do not come or we do not go for picnic, .
then weather will not be fine. 19. (d) Since ~(p=0q)=pAr~q
15. ) pA(~pAaq) o ~(~p=0)=~pr~q
=(PA~P)AG e (Associative law) 20. (c) Checkeach option
=CAQ (Compliment law) @ (MEvaal=prg)=(~pAq)
e (Identity law) b)) (pva)a(~pva)=q
16. (b) The truth table is given below © (Prg)a(-pva)=paq
d (PArga(-pra)=F
p q ~p | pval-pag[f(pvda-~q 21. () When p is true and q is false, then pvq is true,
I l E I E E g=>pistrueand pA(~q) istrue. (- both pand~qare
F T T T T T true) . )
Here, p = g is not true as a true statement cannot imply a
F F T F F F
false statement.
(~pAg)=(Pva A~p 22. (d) Heres, represent by p and S, represent by q.
. ) _ So, given circuit is represented as
17. (¢) Option(@):(p—>g)A(pva)=(~pvag)a(pVv
(©) Option @ : (p—>a)~(pva)=(~pva)a(pva) (O AD Y (A,
=(~pap)va=Cvqg=q This is not equivalent to any of the given options.
It is not tautology. 23. () We know that the contrapositive of p — q is
Option (b): (p—>a)v(pAg)=(~pva)v(pAag) ~ g — ~ p. So contrapositive of p — (~q — ~r) is
=~pv[qv(pag)]=-pvq ~(~q—>~1—>-p
It is not tautology. ==qr[=(Nl—>-p
Option (¢) : (p—a)v(pva)=(~pva)v(pva) E':q(ifj)fpp "~

=(~pvp)v(ava)=Tvg=T
It is tautology
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Matrices and Determinants

WARM-UP

Topic-wise MCQs

(c) There are a total of 6 elementary operations that are
possible on matrices, three on rows and three on columns.

(d) Theelementary operation Rj —1+kR; isincorrect,

the valid elementary operations on matrices are as follows.

() Interchanging any two rows and columns

(i) The multiplication of the elements of any row or
column by a non-zero number.

(iii) The addition to the elements of any row or column,
the corresponding elements of any other row and
column multiplied by any non-zero number.

4
Applying the elementary operation, R, - R, + R, we get

g_|2+6 3+4)_[8 7
| 6 4 | |6 4

0 00O
(b) Consider matrix A={0 0 0|, applying the
0 00O

2 3
() Giventhat,A{6 }

elementary operation Ry — 2R; +3R,

2(0)+3(0) 2(0)+3(0) 2(0)+3(0) 0 00O
0 0 0 =0 0 O
0 0 0 0 0O
0 0O
Therefore, the matrix A={0 0 0|, remains same after

000

applying the elementary operation.

(d) Thegiven matrixis A= E Z}

Applying the elementary operation R; — Ry +2R,, we get

8+2(2) 5+2(8)] [12 21
{ 2 2 }{2 8}

9.

(b) Giventhat, A=

w o b~
©O© N o
a1 RN

Applying row operation, R — 2R +3R,

2(4)+3(6) 2(5)+3(7) 2(2)+3(M)] [24 31 7
6 7 1 |=l6 7 1
3 9 5 3 95

Applying the row operation, Ry, — 3R, —2R;

24 31 7 24 31 7
3(6)-2(3) 3(7)-2(9) 3M-2(5)|=|12 3 -7
3 9 5 3 9 5
2 5 4
(@) Consider A=|5 2 6|,afterapplying
7 2 1

R2 —> 2R2 +3R1

2 5 4 2 5 4
2(5)+3(2) 2(2)+3(5) 2(6)+3(4)|=[16 19 24
7 2 1 7 2 1
5 8
(b) Given matrix A=| -1 2 |Applying the column
3 -4
45) 8 20 8
operation, C; — 4C; weget | 4(-) 2 |=|-4 2

43) -1| |12 -4

-7 2 6
(d) Giventhat, A=|-2 3 -5
2 1 3

Applying the column operation, C, — 2C; +C, we get
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7 2(-1)+2 6] [-7 -12 6
2 2(-2)+3 -5|=|-2 -1 -5
2 2(2)+1 3 2 5 3

Applying the column operation, C3 — 3C; + 2C5 we get

-7 12 26)+3(-7)] [-7 -12 -9

2 -1 2(-5)+3(-2)|=|-2 -1 -16

2 5  203)+3(2 2 5 12
-7 -12 -9
Therefore, the resulting new matrixis | -2 -1 -16
2 5 12

10. () Thecolumn operation C, — 2+ 2C, is incorrect. A
non-zero number cannot be directly added to any column
or row in a matrix.

cosl5° sin15°

sin75° cos75°

=¢0s 75°c0s15° —sin75°sin15°
=cos (75°+15°)=c0s 90° =0

11. (@ We have

12. (b) LetA:F’ 2}

1 4

We have
If Ais a square matrix of order n then
AadjA)=|Al1,
Here,n=2

A(adjA)=1,|A|

1 0}|3 21 |1 0 10
= = (12-2)=10

0 1|11 4, |0 1 01
|10 0
10 10

13. (b) The element a;; = 2. Its minor is given by
determinant of the matrix obtained by deleting the rows
and column which contain element a,, = 2

8

4 5 =35-32=3

i.e., minor of a;; =

14. (c) det(BAB)=det(B")det AdetB
=det(B™).det B. detA = det(B'B).det A
=det(l). det A=1. det A = det A.

135 117
15. (b) LetA= 2 0 and B= 0 -10

AB=35 1 17
2 0]|0 -10

N\ |\

18.

19.

20.

22.

23.

3+0 51-50] [3 1
|2+0 34-0| |2 34

3 1
= |AB|= 5 34‘—102—2—100
(b) |A|=0asthematrix Aissingular
1 3 A+2
|A|=[2 4 8 [=0
3 5 10

ApplyR, = R, - 2R; and R; — R, — 3R and expand.
—2(4-30)+4(4-20)=0 =8-2A=0=>A=4

(d) We have

a+ib c+id

—c+id a_ib‘=(a+ib)(a—ib)—(c+id)(—c+id)
=(a2+bz)—(—cz—d2)=a2+b2+cz+d2

(c) Since Aissingular matrix

= |A=0

= 2k?-32=0=k=4

o
Yy O

Ci1=8, Cp=-1,Cy =P, Cp =0
8§ —] [8 -
adez{ ! { B}.
o -y o

(d) Let A and B be square matrices and A1,
B~1 be of same order then (AB)1 =B1. A1,

(b) LetA= {

@ My, = —sin® sin®
2= 1

=C,=-M;,=0

=-sin@+sin®=0

1
M2, =‘_1 j=1+1=2 =Cyy= My, =2

1 1
—sin® sin®
= C3p=—Mg,=-2sin 0

M3, = =sin@+sin®=2sin0

(@) Here, ag,=5,then,
25
6 4

=(-1)°(8-30)=-(-22)=22
S A5,-C3,=5%x22=110

C32 - (_ 1)3+2

(@) We have,
9
_|logg512 log,3 _[logg2”  log,, 3
logz8  log,9 log32® log,, 3
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1 3. @ (AtBhHT=EHT AT
9logs 2 E|og2 3 0 =BT 1(ATy ! =p1Al
= A= ) { Iogalp m" =—log, m} = (AB)~1= (BA)
3log; 2 E|0923 P =A-1p-1
Hence, A~ B-Lis symmetric.
31. (b) Weknow, matrix Ais singular, when |A]=0

=  A=(9log32)x(log,3) —Glogz 3)(3Iog3 2)

‘G—X 4‘_
3 3-x 1]
= A=9(log;2xlog,3)——=(log, 3xlog, 2
(logz 2xlogs 3) = (log, 3xlogs 2) — B-X—12+4x=0=>3X=6=>X=2
3 41
= A=9-> 32. () Al=—(adj A
5 () IAI( j A)
oA [logyaxlog,b=1] 33 @ A@AA)=IAl
2 2 4 0
1
24. (B) Ma =, y+z‘=z+x_y_zzx_y 34. (b) 0 5 16|=20
ZrX 0 0 1+p

= Cqp == My, =y —X
% % On expanding along C,,

cab
25. (a) Mll:ab . =c%a-ab?=a(c?-b? 2{5(1+p)-0}=20
l+p=2 =1
= Cy; =My =a(c?-b?) = p=2=p
bc a o (adiA)
2=l . = b2 — a2h = b(c? - a?) 35. (b) We knowthat A= Al
= Cyy = =My =b(@ - c?) AAd;A
bc a o, AA*= A
My = =b?c - a%c = c(b? - a? [Al
317 b ( ) A
= Cgy =My =c(b?-a2) o, 1 =— !

26. (a) Let M;; and Cjj respectively denote the minor and |Al
cofactorofelementaijmA.Then, 10 0 40 0
M21= 3 _2=6+10=16=>C21=—M21=—16 A(adJA)=|A|In=|A| 01 0|=(0 4 0

5 2 001/ |00 4
3 2
M31= 5 6 =18—10=8=>C31=M31=8 1 pq 1 -p —q
36. (3 Let A=|0 x O0|andA™t=/0 1 0
1 2
27. (d) Minorof6=M23=‘7 8‘=8—14=—6 001 00 1
AAL=|
23 100
Cofactor of 4 = ¢, = (-1)?*! g o=—(18-24)=6 1 p ql[1 -p —q o1
28. (a) Cofactors can be written as, =10 x 010 1
0 0 1(/0 0 1 001
A=ei—nf, B=gf —di, C=dn-ge, - -
D =ch—bi and G =bf —ec 100 100
= |0 X =010
Now, bB +cC —dD —gG 001|001
=bgf —bdi +cd7 —cge —cd7 +bdi — gbf +gec =0 = x=1

2
29. (@) Myg= ‘1

N \\

_3‘
=10+3=13
5
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a2 0 0
37. (c) Cofactormatrix=| 0 a2 0
0 0 a?
a2 0
adj A= (Cofactor matrix)T=| 0 a2 0
0 0 a2
a 0
ladjAl= |0 a® 0]=ab.
0 0 a°

38. (c) A-adjA=|A]l
|A|=xyz—8x—-3(z-8)+2(2-2y)
|A|=xyz—-(8x+3z+4y)+28 = 60-20+28=68

= (adj A)~! always exists whenever, (A)~ exists.

A-adjA=|A|l
100][68 0 0
=68/0 1 0|=|0 68 0
001l |0 0 68

k2+2k 2k+1 1
39. (@ Given, A=| 2k+1 k+2 1
3 3 1

= (K2+2k)(k +2-3)—(2k + 1)(2k + 1-3) +
[6k + 3-3k—6]
=k3—Kk2 + 2k2— 2k —4k2 + 4k — 2k + 2 + 3k -3
=k3-3k2+3k-1
= (k-1)3
() k-1)3>0=k>1
() k-1))<0=k<1
() (k-1°%=0=k=1
40. (c) GivenrelationisAB=I.

1
Take, | Al=¢ and | AB|=1=5{ A||B|=1

1
= §|B|=1:>|B|=

Now [adj (B adj (2A)| = |B adj (2A)[2
= B[ [adj (2A)?

=B? (12AP)?=|BI? (2°1A1%)?

Put the value of |B| & |A|.

required value =64

41.

42,

43.

44,

45.

. [adj (adj A)| = | A["D° AR [ Heren =3]
=24=16
@ [M(e) MBI =M™ M()™
coso.  sina 0
Now M(c)~t = -sina. cosa. 0
0 0 1
cos(-a) -sin(-a) O
=|sin(-a) cos(-a) O0|=M(-o)
0 0 1
cosp 0 —sinf cos(-B) 0 sin(-p)
MPB)l=| 0 1 0 |= 0 1 0
sinB 0 cosp —sin(-B) 0 cos(—P)
=M (-B) [M(c) M(B)]™* = M(=B) M(-01)
01
0 -1 2 1 2
(®) Mz{z -2 o} 1 2 {—2 2}

2 -2
M=6adjM=|,

112 2 1/3 -1/3
M_l == =
6|12 1 1/3 1/6

4 5 -2
(b) A=|5 -4
2 2 8
-4 2
Cyy=(-1) ) 8‘=—32—4=—36
5 2
Cpp=(-1)3 ) 8‘=—(40—4)=—36
5 4
Ci3=(-1)?* ) 2‘=10+8=18
5 -2
Cyy=(-1)3 ) 8‘=—(—4O+4)=36
4 -2
Cy=(-1)* ) 8‘=(32+4)=36

N\ |\
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46.

47,

48.

49.

50.

Sl

N \\

4 —
Cp3=(-1)° ) 2‘=—(8+10)=—18
A5 -2
Cyuy=(-1*| , ,|=-10-8=-18
4 -2
Car=(-1)° =-(8+10)=-18
32=(-1) 5 2‘ ( )
S|4 -5
Cy=(-1°|5 _,|=-16+25=9

!

Ciy Cpp Cg3
sadj(A)=|Cy Cyp Cys
Ca1 Czp Cs3
-3¢ -3 18] -36 36 -18
=36 36 -18| =|-36 36 -18
-18 -18 9 18 -18 9
(d) We have |adjA| = |A]"-1, where n is order of matrix A
=(-4)?=16
7 -5 7 -5
c) (adjA= adj A=
©  (adj {11 2}: ! {11 2}
= (=] M
IV =15 »
41
@ AB=6I=B"=2A
2 3+ -1
() Given, A+iB=|3-i 0 i-1
-1 -1-i 1

=2(i2-1)- @B+i)(B=i+i-1)+13-i)(i+1)
=2(-1-1)-(B+i)2+3i-i2+3-i
=—4-6-2i+3i+1+3-i

= A+iB=-6=-6+0i
~A+B=-6+0=-6

b |A=-7

3
Y1 8i2A2 = 81pA +ap Ay +agr gy = |Al= -
o 2 3 3
© A= ) and|A3|=125=|A?=125
ol

Now, |A|= 02 -4 = (02-4)3=125=53
=a?-4=5=a=+3

52. (c) Inverseof an identity matrix is the matrix itself.

L1 4
For invertible matrix, | _3 o 1| #0

-1 1 2

A(O0-1)+1(-6+1)+4(-3-0)=0
-A-5-1220 = A =-17

0 0 1
-1 0
0 -1 0
1
0
0

53. (@
=
=

54. (@)

-1-0

A=|0 -1 O
- A lexists, further (=11 =
0 0 -1l 0 -1

10 0
clearly A= 0. Also |A|=
Also A=/ 0 -1 0|0 -1
1.0 0

-1 0 0
55. (a) [A(adjA)A 1A
=[JAIA-HA = Al =6l

1 -4 -16 -
56. (d) Let A={ } and Bz{ ® 6}
3 -2 7 2

Then the matrix equation is AX = B.

1-4
)| =-2+1220,

00
01

| AR

So Aisan invertible matrix
2 -3 |2 4‘

1| |31
-2 4
| A 10| -3 1}
Now, AX =B
=A1TAX)=A1B = (A1AX=A1B
=IX=A1B =Xx=A"1B

(o L[24][16 6] [ 6 2
- _E{—s 1}{ 7 2}{11/2 2}
57. () Adj(4A) =42 Adj (A) = 16Adj (A)

= |Adj 4A| = 16%|Adj A| = 162. 52
58. (@) Weknow thatfor any non-singular matrix A

Alsoadj A=

So, Al= iadj L {

1
Al=—adj (A

= (A A
Now, put A = P~1 then we have
(PHt=—1 adj(Ph

|P7
. . P

= P=|P|adj (P!) = adj (P}) = P
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59. (0) I(adjAT)T|+|(adj A1y It is given that MNM~1 is a diagonal matrix, then
. 1 1 ab(n,-n,)=0=cd(n, -n,)
- T _ AT 2 2~ M 1~ M2
=ladj AT+ ladjA L] |A” ] +|A*1 2 and if M is a diagonal matrix, means b = ¢ = 0, then the
=|AR+|AR=22+22=38 above requirement getting satisfy.
60. (a) A(A+B)™B)™(AB) 5 0 _ 5 0
=B }((A+B) 1)1 A(AB) =B (A+B)A"1 (AB) 65. (B LetA= — _|=ad(A)=_ .
=B1A+1)A1(AB) = (B1AAl+AT) (AB)
=(B1+A1)(AB) =B 1AB+A1AB 4 1[50]_ 1[50
=B 1BA+AlAB =A+B = AT=1alla 5| 25|a 5
61. () B=(I-A)(1+A)L )
BT=(1+AT) 1 (I-AT) o aqw_ 1[5 0150
A2=(Ah2= = —
= (1-AYL (I +A), = A= 252 5|52 5
BBT=(1-A)(I+A)1(1-A)1(1+A) )
=(1=-A)(I-A)T1+AT(1+A) =1 % o 1y
[~ (I-A)I+A) =1 +A)(1-A)] -1 _| ®
So, Bis orthogonal matrix. 625|10a 25 2a 1
. . 1 on-1 125 25
62, (d) B A2n _ A2.2n 1 =(A2)2n 1 _ (A 1)2 ) )
S R R (O P T I
Now, = > X=—
C1y—142"2 2(n-2) X i ﬁ i 125
=((A7))° =A 25| 125 25
B=C= (B-C)=0 =det.(B-C)=0
2 0 0 3 -3 4
66. (d) "~ |A|=[2 -3 4{=3(-3+4)-2(-3+4)+0=1
63. (c) Wehave,A=|2 2 O
5 2 9 0 -1 1
adj (adj A) =|A)R-2 A= Aand [adj (adj A)| = |AI=1
4 0 0 Also, [adj A| = |AP-L = |AR=12=1
ade= 4 4 0 67. (a) Here |A|=1
0 4 4 = Adj(AdjA)=|AR2. A=A
- s Trace(A)=3-3+1=1
6 0 0 10 0 68. (d) We have
adj(adjA)=|16 16 0 |=16/1 1 0 1 twne|t 1 1 —tan®
16 16 16 111 ~tan® 1 | 1+tan?e|tan® 1
64. (c) LetM andN two real matrices of order 2 where a -b ol 1 —tanoll 1 —tan6
Ml® Plananc|™ © =~ |b - tan® 1 |[tan® 1
c d 0 n, ,
Mand N are invertible matrices, so - cos20 1-tan"6 —2tan® ={cosze ‘S'”Ze}
,1 1 [d -b 2tan® 1-tan’0 sin20  cos 20
:ad—bc{—c a} s, a=cos26,b=sin20
Therefore, 69. (@ Q=6
1 k 3
_ 1 a bfm O0fd -b
MNM 1= iol=1012 = =|P|=
ad_bCL d}{o nj{_c a} Now, fadj Q| = Q12 =36 = P| ; i i

1 a bj|lnd -nb
“ad-bclc d|-nc nya

1 k 3
= [1 3 3=36
1 {anld—bnzc —an1b+bn2a} 111

“ad—bc|cnd —dn,c —cnd +dnya = —k(1-3)+3(1-3)=36=2k=42=k=21
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1
70. @ IPIQI=1=1Qk5

= |adj(Padj(3Q) | = adj adj (3Q)||ad] P|

77.
=13Q[PP=3)*x|Q[|P[=9"
71. () |A]=0
72. (c) Theequation of given lines are
3y+4x=1 .(0)
y=x+5 (D)
and 5y +bx=3 ..(iii)
On solving Egs. (i) and (ii), we get
x=-2andy=3
If these lines are concurrent, then these values must satisfy
the third equation
15-2b=3= 2b=12= b=6
ALTERNATE SOLUTION: 8.
Given equation of lines are
3y+4x-1=0 79.
x+5-y=0and
bx+5y-3=0
Since, the given lines are concurrent
.. The value of determinant made by coeff of equationsis g,
0.
4 3-1
ie, L -1 5/=0
b 5-3
= 4(3-25)-3(-3-5b)-1(5+b)=0
= -88+4+14b=0= -84=-14b= b=6.
73. (d) A=0
74. () Weknow,
System of a pair of linear equations in two variables are
given as
a;x+by+c; =0 ()
anda,x +b,y+¢,=0 ..(ii)
This system has no solution if
a_b o
a b o
Now, on comparing given equations with (i) and (ii), we get
a;=k,a,=3,b;=2,b,=1,¢,=-5,¢c,=-1
For no solution,
K2y
31 17
75. (@ - A=0
76. (a) Consider first two equations :
2x+3y=—4 and 3x+4y=-6
2 3
We have A:‘g 4‘:—1;&0 82.
-4 3 2 -4 83.
Ay = =2 and Ay= =0
-6 4 3 -6

N \\
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x=-2andy=0

Now this solution satisfies the third, so the equations are
consistent with unique solution.

(a) Sincethe system is homogeneous and has a non-trivial
solution

p+a b c p g O
0= a qg+b ¢ |=|0 q -r
a b r+cl |a b r+c

using Ry > R;-R, and R, > R, —R3.
Expanding along C, we get
= pla(r+c)+br]+agqr=0 = pgr+pgc+prb+qgra=0

:3+E+E=—1_
p g r
(© A=A=0
1 21 321
() D=2 3 1/=0:;D;=[3 3 1/#0
3 5 2 15 2
= Given system, does not have any solution.
= No solution
(c) The given system of equations are
kx+y+z=k-1
x+ky+z=k-1
x+y+kz=k-1
k 11 k-1 X
A=[1 k 1|,B=|k-1|andx=]Y
1 1 k k-1 z
k 11
Now, |Al=I1 k 1
1 1 k

=k(k2-1)-1(k-1)+1(1-K)

=k®-k-k +1+1-k=k3-3k+2

The given system of equations has no solution, if
|Al=0

= k¥-3k+2=0 = (k-1)?(k+2)=0

= k=lork=-2

(c) The system is homogenuous system.
. it has either unique solution or infinite many solution

depend on |A|
11 1
SOJA=12 1 1) =2x1+1(-3)+(4-3)
320
=2-3+1=0

Hence, system has infinitely many solution.
(b) A=A =A,=A,=0

(b) Asystem of linear equations like
ax+byy=c;.

aX + by =c,.
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can be represented in matrix form as
= el
ap by |ly] [c2

1
84. (c) Now, |A|={1
1

DN

1
2
3

=6-2a-1+a-2=3-a
For unique solution

|Alz0=>3-a#0=a=3,beR
85. (c) Given that system of equation has no solution

2 -3 5
w1 3 -1 |=0
3 -1 A% |

= 2(3A2-3\|-1) +3(\2-|A| +3) + 5(-1-9)=0
= BA2-B|A| -2 +3A2-3[A|+9-50=0

= 9\L2-9\|-43=0

D=81+4x9x43>0

So A has two distinct real roots.

86. (@) unique solution.
87. (a) The system of equations will be consistent if

1 2
A= 1 -2=0

LA 3
To evaluate A we use R; — R; + R, followed by
C2 —)Cz _Cl to obtain

A+l A+1 O A+l 0 0
A=l 2 1 -2=|x 1-1 -2

oA 3 L 0 3
=3(A+1)(1-1)=3(1-29
For the system to be consistent, we must have

1-22=0 or A =+1.

88. ) -~ A2+B%+C%=0
. A=B=C=0
1 cosC cosB 111
cosC 1 cosA|=|1 1 1|=0
cosB cosA 1 111
1 2 -3
89. @ A=|10 0 p+2=—(p+2)(2p+)
0 2p+1 1

90.

91

92.

93.

1 2 -3
A =13 0 p+2
0 2p+1 1

=—(2p+1)(p+2)-2(3-2p-4)-9(2p +1)
=(@2p+1)(-p-2+2-9) =-(2p+1)(p+9)
Clearlyforp=-2,A=0,A; #0.

Hence, the given system of equation is inconsistent.
(d) Since the system has no solution

2 -1 -4

1 -2 -1/=0=2(-2A+1)+1(A+1)—4(3) =0

1 1 A

= A4 +2+1+1-12=0 = -3A=9=>A=-3

1 a -
b |2 -1 a|=0
a 1 2
Applying R, - R, - 2R; and R; - R; —aR;, we get
1 a -1

0 -1-2a a+2/=0
0 1-a® 2+a
Expanding along C,, we get
(a+2)(@2-2a-2)=0= a=-2,1+3

(c) Since the system has a non-trivial solution,
A sino coso

1 coso sino
-1 sino. —cosa

therefore =0

= A (- cos2a. — sina) — (—sina cosa. — sina. coscr)
— (sina.— cos?a) = 0
= —A+sin2a+cos20=0= A =sin 2o +cos 20,

= A= \/Ecos[Zoc—%J
Since -1 <cos [2&—%)< 1V eR

-J2 <ik< 2 i.e.ke[—ﬁ,ﬁ]

(d) Given,x+y+z =6 ()
oX+By+7z=3 (i)
X+2y+3z=14 (i)

By equations (i) and (iii)
y+2z=8;y=8-2zandx=-2+z2
Now putting in equation (ii)
o(z—2)+p(-22+8)+7z2=3

= (a-2B+7)z=20-83+3

For unique solutions,a—23+7 =0
and for no solutions,

oa—2B+7=0 and 20-83+3=0
for infinte solutions,

a—2p+7=0 and 20-83+3=0

N\ |\
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94. (c) Givensystem ofequationsarex+y+z=6 97. (@) Forinfinite manysolutions
2X+5y+oz=f A=A =A,=A,=0
X+2y+3z=14 1 1 -
From the given equations. A=|1 2 a|=0=1(2+a)-1(1-20)-1(-1-4) =0
X+y=6-2 (i) 2 1 1
X+2y=14-3z (i)
Subtract (i) from (ii), = 3a+6=0=a=-2
=y=8-2z,thenx=z-2. 1 1 2
Now, put the values x & y Az=|1 2 1|=0
ineq. zx+5y+az=. 2 -1 8
2(z-2)+5(8-22)+az=p
(0-8)2=p—36 = 12B+1)-1(B-2)+2(-1-4)=0=B-7=0=Pp=7

So, a+p=5

For having infinite solutions . .
g 98. (c) Fornon-trivial solution

0-8=0&p-36=0

o=8,p=36 4 A
Requiredsum=o +p =44 2 -1 1=0
95. (d) kx+y+z=1 n 2
x+ky+z=k
= k2
x+y+kz=k = pA+2u—-61-12=0 = (A +2)(u—6) =0
k11 —A=-20rp=6
These equations will have no solution of Lk 1=0.
1 K 12 -3

o K(K2-1)-1(K-1)+ (1-K) =0 99. (@) A=[2 6 -11=(20)—2(25)—3(-10)=0
=k(k+1)(k-1)-1(Kk-1)-(k-1)=0 1 -2 7
= (k-1)[k(k+1)-1-1]=0

= (k-1) (K+k-2)=0 a 2 -3
=k=1or-2. A =|b 6 -11=4(5a-2b-c)
For k =1, all equations are same and have infinite c -2 7
solution. So, for k = -2, equations have no solution.
96. (b) System has no solution when determinant is equal to 0. 1 a 3

> 3 1 Ay=12 b -1Y=-55a-2b-c)

1 1 1|=0 ¢ 7

1 -1 |a 1 2 a

Expand o. rt.R; A3=|2 6 bl=-2(ba—-2b-c)
SIAET=A=x7 L (i) 1 -2c

System: For infinite solution A=A =A,=A,=0
2X+3y-z=-2 L. (i) = ba=2b+c.
Xx+y+z=4 (iii) 100. (a) Fornon-zerosolution, A=0
X-y +z=4r-4 L. (iv) A-1 3r+1 2
Eliminating y from equal (ii) & (iii) we get =[r=1 4r-2 A+3|=0

xraz=la e V) 2 3+l 3(h-1)
Add equation (iii) & (iv),
A +1 = 6.° —3612 +541 = 0 = 6A[A? —61+9] =0
=X+ ——— [2=2) (vi) L
2 ) =>A=0,A=3 [Distinct values]
For A=7, Agivesequal to0 & Then, the sum of distinct values of A =0+ 3=3.

for L =-7, A would be not equal to 0.

N \\
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ACCELERATOR

Topic-wise MCQs

1. (c) Givenmatrixis A = {_11 21}

Now apply rules to check the options then,

i 1 .
) Ri>R+R, E J possible

1 —
(i) RieR; {_1 2} possible
(iii) Option is not possible

. 1 -1 .
(iv) R{—>R, +2R1:{ L 3} possible

1
2. (o) AfterapplyingR,>R,-2R;toC= {2

1 2
{O _5} (first multiply all elements of R, by 2 and then

subtract these elements from R,).
3. (a) IfAisanysquare matrix, then
AAl=and AtI=AT
Since, A=A +1=0
= ATAZ_Ala+Al=0
= (ATAA-(AtA+AT=0
= IA-1+A1=0= A-I1+Al=0
= Al=I-A
4. (d) Since, Bistheinverse of matrix A.

=|5+0+a 5+0+a -5+0+a

4+4+2 -4+2+2 4-6+2
= 10l
1-4+3 -1-2+3 1+6+3

10 0 O 10 0 0
= 010 0 |[=|-5+a 5+a -5b+a
0 0 10

= -5+0=0=a=5

|

5. @ A= [ZX O}A‘l _11 g}

We know that, AAL =)
2x 0|1 O B 1 0 2% 0 10
:{n x}{—l 2}__0 1} :{0 Zx}z[o 1}

1
On comparing, weget2x=1= X= >

1
=19-26=-7
P

7. (b) Wehave|A| (@a+ib) (@—ib)—(-c+id) (c +id)
a2+ b2+ c2+d?=1.

6. (b) Minorofelement9=

c—id a+ib
a—-ib —-c-id
c-—id a+ib}
(@) Adj (A1) = (AdjA)1 (Property).
-1 x 3
9. () A=|-4 -5 -6
-7y 9

{a —-ib —c- id}
and adj(A) =

then A1 = {

©

Here, A8 = (-1) [-y+ 7] =-Tx+Yy
= —IX+y=22 ()
= A3l =(-1)3+1[-6x+15]=27=>x=-2
Fromeqgn (i), 14+y=22=y=8
Now 5x +y=5x(-2) +8=-2
3-x 2 2
2 4-x 1 |=0
2 -4 -1-x
= (x-3)2x=0 = x=0,3.
6i -3 1
n.d |4 3 -
20 3 i
=6i [3i2 + 3] + 3i [4i + 20] + 1 [12 - 60i]
=6i [-3 + 3] + 12i2 + 60i + 12— 60i
=-12+12=0=x+1iy
S.x=0

10. (©) JAl=

cosa —sina 0
12. (@ Wehave,A=|sina cosa O
0 0 1

. T .
cosa —sina 0 cosa sina O

- adj(A)= | sina cosa 0| =|-sina coso O
0 0 1 0 0 1

N\ |\
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13.

14.

15.

16.

17.

4147 [-4-3-3
(d) ade= 304 =11 0 1]|=A
-313 4 4 3
adjA=A.
and|A|=-4(0-4)+3(3-4)-3(4-0)=1
A‘lziadezade=A
| Al

@ |AI=1(1-4)-2(2-4)+2(4-2)

(Expanding along R;)

=_3+4+4=5 %0
- Al exists.
32 21 [32 2
Soadj(A)=| 2 -3 2| =|2 -3 2
2 2 -3 2 2 -3
-3 2 2
P 1
Now, A= =—-adj(A)=—=| 2 -3 2
[ Al 5
2 2 -3

(@ Wehave, A2=1
Since, A is non-singular matrix
|A| #0, So, A1 exists.
Multiplying (i) by A= 1 on both sides, we get
A~1(A%) = ATY()
= (A AA=ATl= 1A=ATT

A=A
1 z -y
=|-z
(c) LetD
y —x 1
Expanding along R,
1 X -z X -z 1
=D=1 -z -y
-x 1 y 1 y =X

=(1+x3) -z (-z-xy)-y(xz-Y)
=1+ X2+ 722+ Xyz—XyzZ +y?
=1+x2+y2+72=1+1=2

(b) Given matricesare:

2 1
Az{ X O}andAlz{ 0}
X X -1 2

N

2x 0 10
= 2x=1
= {o 2x} {o 1}:

()

18.

19.

20.

22.

23.

24.

© ‘ade’l‘ - ‘A’l‘z _ #
(ade_l)_l‘ - AP=2"-4

|adjA™|

(@ AZ+A.adjA=AAL

=A2=(1-|A)l =AR=(1-]A)2 =|A=1/2
= [3A Y =9|Al=9%x2=18

() P=adj(A)=|P|=[adj (A)| =|A"~1=|AP

Al 1
pi=[5l 514!

1 1 1
AP=ZIARIAP= - 2|ARLS
2 16 4

P —
|A|
3 -3 4
(@ |A=2 -3 4=3(-3+4)-2(-3+4)+0=1
0 -11
adj(adj A) = |A*2 A= Aand |adj (adj A)| = |A|=1
Also, Jadj A| = |A2=12=1
s ladj (@djA)| +ladjAj=1+1=2
() B=Al=AB=I

1 -1 12 2 2] 100

= %2 1 -3]|-5 0 a|=0 1 0
1 1 1]0 -2 3|00 1
[10 0 5-« 100

- %o 10 4+0-9(=0 1 0
0 0 5+a 001

= 4+0-9=0=0=5

() [IAY(AB)T|= A7 (A-adjA)T|

1 T)_| 1 TI_|,T
=g (A1 =‘m~|A|~I SHE!
(c) We have,

2A+1 5] A-5 B] [14 S
4 Al |2a-2C|T|EF

1 A 5 A-5 B 14 S
= — =
(2A+1)A-20| 4 2A+1||2A-2C E F
On comparing corresponding elements, we get

(A-5)A+10A-10

2A% £ A—20
= A2+5A-10=28A2+ 14A-280

=14

-9
= 2TAP+OA-210=0= Aj+A=
= -27(A;+A))=9

N \\
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25. (3 WehaveA (a, B)?

1

- - 41=0
ePcosa —ePsina 0 = 202-2a-25
:iB ePsina  ePcosa 0 oo — 200 20
“l o 0o 1 = S0
20° —20—-25
=A(-o, -B) = =
= oa=4,-3=Sumofvalues=1
1 32 30. (c) Given adj (24A)| = |adj 3 (adj 2A)|
26. (c) Since, thematrix |2 -8 5] isnot an invertible = 2482 = 3 adj (2A))2
_ 4z = (243|A))2= (33ad] (2A))? = 35(2AR)2
matrix. o = 245|A2 = (243 AJ)2 = 30 x 212 | A
therefore it’s determinant is zero.
6
1 -3 2 :|A|2=62L212=64
—~ |2 -8 5|=0 3
= 1(-8A-10)+3(21-20)+2(4+32)=0 3. ) |1 k 2|=0
= -81-10+6A-60+72=0 4 1 5
= -2A+2=0=1r=1
27. (d) ~A=(1-3sinBcos0O)—3cos 6 (sin 6—3cos 6) 3
+1(sin%0-1) =2(5k-2)-3x(-3)+4(1-4k)=0=> k==
=1-6sin0cos O +9cos?0 +sinZe -1 2
= (sin 6 — 3cos 0)2 Required quadratic equation
-+ =10 <sinp-3cos 6 < V10 3 2 9
- 0<(sin®-3cos0)2<10 X=2 | X~3)=0=6x"-13x+6=0
. | Maximum value of A — Minimum value of A|?
=10-0p* = 1000 32. (d) Ifmatrix Ahasnoinverse, then det (A)=0
il bl € 1 1 X
28. (a) Let A=|ay by, c,| beadeterminant of order 3. 1 x 1l=0
ag by c3 X
Then, A= (a;b,c5 +agb;c, + a,bsc,) — (a,bsc, +a,b,cy
Since each element of A is either 1 or 0, therefore the value =x2(x-1)+x(x-1)-2(x-1)=0
of the determinant cannot exceed 3. = (x=1) (x+2) (x=1)=0
Clearly, the value of A is maximum when the value of each 12 (x +2) =0 -2 11
term in first bracket is 1 and the value of each term in the = x-1)*(x+2)=0=x=-21,
second bracket is zero. But a,b,c; = asb,c, = 1 implies Sum of distinct values of x=—-2 +1=-1.
that every element of the determinant A is 1 and in that
case A=0. 1 57 100
011 33. () WehaveA+| -9 2 6/=3/0 1 0
Thus, we mayhave A=|1 0 1|=2 -10 5 2 001
110
2 5 -7
1 . - —
29, (C) .'.B=A_1=:>|B|=m s A= 9 1 -6 :>|A|——18
10 -5 1
5 20 1 o det{(adj A) . P~1}=det(adj A)det(P1)
0 1 2
Now, |B|= =202-20.-25 2 1 (18
’ = (A —=""-=54
o« 8 — (AN o=

Given, det. (A)+1=0

N\ |\
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34.

35.

36.

a 1l 2 7 -1 -5
@ A=[1 2 b|,AdjA=|-3 9 5
c 1 3 1 -3 5
C1 Co1 C31
We know, AdjA=|cC;, Cp C3p
C13 Co3 Cg3
Where, ¢; is co-factor of a;;
Now, ¢;, =7
= 2 b =7=>6-b=7=b=-1
1 3
Also, ¢j3=1
1 2 _ _ _
= . =1=>1-2c=1=c=0and, c33=5
c
a 1 _ -
= =5=>2a-1=5=a=3
1 2
So,a2+b%2+c2=9+1+0=10
11 2
@ JA]=10 2 -3=1(8-6)-0+3(-3-4)
3 -2 4
=-19=0 (Expanding along C,)
AL exists.

2 -9 -6 2 -8 -7

Nowadj(A)=|-8 -2 5 |=[-9 -2 3
-7 3 2| |-6 5 2
1 1 2 -8 -7
At= " adj(A)=—|-9 2 3
|A| 19
6 5 2

L2 0] [2 -8 7
So, (AB)1=BlAl=l0 3 1|29 -2 3

10 2 -6 5 2
1—16 -12 -1 . 16 12 1

=—|-21 11 7 |==—|21 11 -7

19

19
-10 2 -3 10

(@) LetA= E _ﬂ andC= {6 O}

-2 3

06

1 4

So, Aisinvertible.
The given matrix equation is

Then, |A|= =6=0

1-27 [60
BlL 417|p 6| = BA=C=(BAAI=CA?
= BI=CAl=B=CAl

37.

38.

39.

40.

T4 -1 T4 2
adjA= =

2 1 11

4 2

= A—l—iade:%|: :|

A -11
Now, B=CA1

SN R

o 1[24+0 12407 _[4 2
= ®T%l0-6 046 |-11

(b) Given:AandBisa3x 3matrix,So,n=3
2
ladjB| |adj (adjA)| |A[®Y

IC| |5A] 53| Al
2
[|adjadj) A = | A "D
AP AP
T @ sn Pra=3+376
(b) Since, the matrix Ais,
2 -1 1
A=l-1 2 -1 L in=g
1 -1 2

- det| 3adj(2A71) | =[3.22adj(AL)|

ap 128 12°

~12% [adj(a)|=12%]A 12
A? 16

=108

(@) Given |adj(adj(adjA)) =12*

= |A|(n_1)a =12* andn =3

=|A° =12 = |Af =12 |A =243

Now, |A™.adjA| = |A™"| JadjA| = ﬁ.ws‘l =|A|=243
(d Equating co-factor of A,; with B,;

(202-30)=a

o =0, 2 (accept)
Now, Equating cofactor of A;; with B,

202 - af =30
oa=2 p=1
[AB|=|A].B| = Al |Ad] (A)T| = |Al AP = |AF
1 23
A=|2 2 1/=6-2(9)+3(6)=6
-1 2 4
|AB|=216

N \\
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_ 1 -2 1 -4
41. () AdJ(A){0 1};(Ade)2={o 1}
1 -2n 1 -20
(Ade)”={O } (AdjA)10= {o 1}
{1 o} {1 —2} {1 -4} {1 —20}
+ + +..+
01/ |0 1| |0 1 0 1

11 -110
= 0 11 |=sum of elements of B

B

42. (b) Let A=

2Tt a2

a+b=3=a=3-bb+d=7 =d=7-b,
(B-b)(7-b)-b2 =1
21-10b=1=b=2,a=1,d=5

o3

Al=oA+BI

5 2| la+p 2o

2 1| | 20 50+
a=-1,B=6 so+B=5

43. (a) Since,given A={? 2},|A—d(ade)|=
o5
q —p m

(Since, adj(A) = {_q _”D

= |A—d(adjp) =‘{";

- m-—qd
p(1+d)
= (m-qd)(g-md)-np(1+d)*=0
= mg-m?d —q%d +mgd? —np(1+d)? =
= (mq- np)+d mg —np —d(m +q +2np)=
:>d+d3—d(m+q —Zd) 0

n(l+d)
g-md|

= 1+d?=(m+q)*-2d = (1+d)* =(m+q)?
-X 14x
44. (c) Given A=
X —4x -

\\_\\

45.

Al

[uny
[$;] [$;]
FJl~ o &l

X+2
X+3
X+4
R;and R; —> R;-R;

X+2 X+3
Applying R, >R, -
X X+1 x+2

1 1 1 =0=5x%—1

2 2 2

=5x-1
02

(c) A= det(A)——oc -25
5 -a

also we know that det (A") = (det A)" (nel)
det (A1) = (det A)10 = 1024
= (~o®-25)10=1024=(2)0=_3-25=2
= a=-3
(@) ExpandingalongR;,
det (A) =5(-25-1) - sm29 (-5sin20 — cos20) + cos20
(—sin20 + 5 cos26)
=—130 + 5sin*0 + 5c0s*0 = — 130 + 5 [sin*0 + cos* 0]

=5- 130—25|n 20

for maximum value of det (A), sin20 must be minimum i.e.,
sin20=0

" (detA),x=5-130=-125
(d) Since ifweputx=-1
We can see R, and R, became identical soA =0
Hence x = -1 is aroot of the given equation
= from option, x2—x-2=0

1 0 0

(d) Giventhat A=|0 cos® sin6

0 sin® —cos6
|A|=-co0s?0 —sin0=-1

1 0 o T

0 —cos® —sin®
0 -sin® cosO

adj(A) =
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-1 0 0
=| 0 —cos® —sin0O
0 -sin® cosO
000

0 0 0| =Null matrix.
000

- A+adj(A) =

50.

1 0 0 -1 0 0
0 cos6 sin® |—(-1)| O —cos6 —sin6O
|0 sin® —cos6 0 -sin® cos6

A-Al=

00 0]
-l000
000

= Null matrix

-1 0 0
A7+adj(A)=(-1)| 0 —cos® -sin®
0 -sin®

-1 0 0
0 -cos® -sin®

+
0 -sin® cosO

= Null matrix

1
o O o
o O o
o O o

X+1 [0) ©?

X+ 0° 1 |=0

49. @ | @

wz 1 X+ o

53.

(Applying C; > C; +C, +C3)

X+1+ 0+ o2 o) ©?

2 2 1

X+1l+o+0° X+o =0

X+1+0)+0)2 1 X+ o

X X+o 1 |=0

X+ o

N \\

cos0 oL

52.

1 55.

1 [0) 0)2
=x|1 X+ 1 |=0
1 1 X+

Sox=0

1 2 3|1
(d) Given, [x 1 1] 4 5 6|1|=[45]
7 8 9| x

1
= [x+11 2x+13 3x+15]|1|=[45]
X

— [x +11+2x+13+3%° +15x} =[45]

= 3x?+18x+24=45
= x2+6x-7=0
On solving we get, x=—7and 1
(d) Forsingular matrix,
0 k 4
-k 0 -5|=0
-k k -1
k(5k —k) +4(-k?) =0
4k —4k? =0

Hence, for all values of k, the given matrix is singular matrix.
(d) Putting x = in given function

f(n) = cosm sinm -1 0
W= sinm cosm| | 0 -

2 [-1 0[-1 0] [1 0
[F(] {o —J{o —1}{0 1}

1 1
iven |A = ——|B| = —
@d Given |A| 5 ,—2,| | 3

|2B (adj (3A)| = [2B| [adj (3A)|
We know that [adj A| = |A|"-tand [KA| =
=2°|B|[3AP =8 B| (3%Al)?

K™ |A|

2
- 8|B|3%|A[? —8 36 _gxio
L P s
(©
12 2
@A=]2 1 1
121
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12 2][1 2 2 7 8 6 Cp3=2,Cq;=-4,C3,=0,Cq3=-3
So,A2=AA=[2 1 1(|2 1 1|=(5 7 6 3 0 21 [3 4 -4
12 1)1 21| |66 5 adj(A)=|—4 -1 2| =[0 -1 0
S| AZ]=9 -4 0 -3 -2 2 -3
Hence, | adj (A%) |=92=81 3 4 4
152 (AZ)-lziZadj(Az)=1 0 -1 0|=A?
56. ())A=|4 1 3 | A% Y, 5 3
263 60. (C) [adjA|=|AIn1= AP
|Al=1 (?’_18)_?(112_ 6)+2(24-2)=-1 ladj A2| = [adj A[2= (|A[2)2 = |A/*
Ao AGAI=IA fac (ac A%)| = (AL = |AP
=AF=(-1)7=1 61. (d) For unigque solution A= 0
1
Also, [X~1|= x| 111
1 1 21 120 =I(k+2)-1(2k+3)+1(4-3)=0
1 _1: :—:1
= |(Adj A~ AGA| 1 32k
57. (@) |A|=1(52-66)+3(-26+42)-5(22-28)=64 =-k+2-3+1+#0 = k=0 .. S=R-{0}
We know |Adj A| = AL [Heren=3] 62. (@) We have,
=|A|2=(64)2 2 23 X a
|AdjA| =/(64)% =64 A=|3 -15|,X=|y|andB=|b
1-32 z c
011 Here, |Al= _ _
58. (a) Wehavegiven,A=|101 Since, the system of linear equations has more than one
110 solution, so (adj A)(B) =0
Cr
. - - = za+c=>b-c-a=
~adjA=| 1 -1 1| andjAl=—1(-1)+1.1=2 = = =
L1 -8 8 -8J[c] |0
63. (a) The given system of linear equations has a unique
-11 1 solution if
Hence, A_lszAA:% 111 (i) 111
| 1 1 -1 12 30

25

011 J0o11] [211 & oanding along R
2_ _ xpanding along R,, we get
andA?=|101|-/101|=|121 800t Mt

110] [t10] [112

111
) 2117 [300 64. () A=[12 4|=0
A°-31 1
Now, =3 121|-{030 1410
1112] |003 Since A =0, solution is not unique.
The system will have infinite solutions
Jttl ifA;=0,A,=0,A,=0.
-1 . ;
1 0 -1

Aj=|p 2 4/=0 = p?-3p+2=0= p=1Llor2
3 4 4 pz 4 10

2_A A=
9. (@ A°=AA=10 -1 0 Requiredsum =1+2=3
-2 2 -3 65. (@ Given system has non-trival solution then
Now, |A2|=3 (3-0)+4 (0)+4(0-2)=1
Now, cofactors of A2 to obtain adj (A2)
C13=3,Cp=0,C135-2,Cy =4, Cpp=-1,

N\ |\
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71. For th tem to h trivial solution A =
o ap ogta, @ (b? or the system to have nontrivial solutio 0
B B2 PBitB2 \Bib sinf —2cos0 —a
-1 1 1(=0
_b e 1 2 1
3_?]: % :Z_Z:\/‘;:': i.e.,sin@+4cos0=3a
b2p2ar = a2g2c b2pr = g?ac .
=P 1 2qlp = Pr=Eg So, a has three integer values.
3 3 -2 1 2 3
66. (b A= s 7 7 =1(21+14)-2(21+4)+1(21-6)=0 9 ® |4 5 3=3-2012-9)+3x(16-15)=0
So, system has no solution. 3 4 3
1-21 For equation to be consistent
67. (b) Wehave A=|2 1 -2[=0 1 2 4
13 -3 A3=0=[4 5 5=0
Hence for at least one solution 3 4 2
IfA =A,=A;=0
a2 1 =>5x—2o—2(4x—15)+4=0=>x=%
= A;=b 1 -2=0 = a-b+c=0 =3\ =-14=n+100=14=n+100=n=-86
c 3 -3 73. (c) System of equation is given as :
From A, =0 and A, =0, we get the same condition. (k+1)x+8y=4k - (i)
and kx+(k+3)y=3k-1 (D)
111 Here,a, =k+1,b, =8,c, =4k,a,=Kk,b,=k+3
68. (c) For unique solution 5 -1 pi=0 andc,=3k-1 _ _ o
2 3- Such a system of equations will have infinite number of
solution, if
1(1-3w)-1(-5-2p)+1(15+2) %0
u=23forallr e R a_b o ksl 8 4k

a, b, ¢ " T Tki3 3k-1

11k Taking last two we get
69. (a) Fornoreal solution, |2 2 0|=0 8(3k —1) = 4k(k +3)
1 2 2k = 24k-8=4k%2+12k
4k2-12k+8=0
1(4k-0)— 1(4k —0) +Kk(4—2) =0 = k=0 z 23kt 0
211 = (k-1)(k-2)=0
70. (@) Wehave, A={1 -2 1|=0 = k=1,2
1 1 -2 Taking first two (k + 1)(k +3) =8k
L1 = k®+4k+3-8k=0 = k?-4k+3=0
a = (k-1)(k=3)=0
Ay=|b -2 1|=3a+3b+3c=3(a+b+c) So, k=1,3.
c 1 -2 Combining both, k=1, 2, 3.
Thus, this system have 3 values of k.
-2al . ; .
74. (c) The given system of equations are :
Ay=/1 b 1/=3a+3pb+3c=3(a+b+c) p3x + (p+1)3y = (p+2)3 (i)
1 c¢c -2 px+ (p+1l)y=(p+2) (i)
X+y=1 ..(ii)
-2 1 a This system is consistent, if values of x and y from first
A,=|1 -2 b|=3a+3b+3c=3(a+b+c) two equation satisfy the third equation.
1 1 ¢c

For no solution,a+b+c#0

N \\
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PP (p+1)% (p+2)°
=|p (+) (p+2)|=0
1 1 1

ApplyingC, -»C,-C,

PP (p+D)*-p® (p+2)°-p°
- |p 1 2 =0
1 0 0

=2(p+1)°%-2p3- (p+2)%+p3=0

= 2(p3+1+3p®+3p) - 2p® — (p*+ 8+ 12p + 6p) + p°

=0

= 2p3+2+6p2+6p-2p3-p®-8-12p-6p2+p3=0
=-6-6p=0
=p=-1
(b) For infinitely many solutions,

1 1 1

1 -1 b|=0

2 3 -1

1-3b+1+2b+5=0=b=7
From given 15t and 2" equations, we get

a+2
2X+87=a+2= X+4Z=T

From given 1%t and 3" equations

X+4z=3a-1
from equations (i) and (iii), we get
a+2
> =3a-1=5a=4=b-5a=7-4=3
(d) The given system of equations is
X+y+z=2
2X+y-z=3

and 3x+2y+kz=4
This system has a unique solution if

11 1
2 1 -1=+0
3 2 k

ApplyingC, -»C,-C,andC; - C,-C,
10 O
3 -1 -3
3 -1 k-3
= -1(k-3)-3#00r-k+3-3#0 = k=0
(d) For no solution

We get #0

=0

N =
g ow N
® U1 W

= 1(3a-25)-2(a-10)+3(5-6)=0
= a=8.

()

..(ii)

()
(i)
(i)

78.

79.

80.

81.

(b) The given system of equations is
axX+by+ciz=d;
ax+by+c,z=d,
and azx + by + ¢,z =d,
a b oo
Let A=[az by ¢C
ag by c3
This system has a unique solution X, Y, Z, if A = 0 and
XO = & = O = AX = O
A
d b ¢
= d2 bz Co =0
d3 by ¢3
(@ x+2y+3z=1
2X+y+3z2=2
5X+5y+9z=4
Writing in matrix form, Ax=B
1 2 3
A=|2 1 3
559
|A|=1(9-15)-2(18-15) +3(10-5)
=-6-23)+3(5)=-12+15=3=0
So, these equations have unique solution
(b) For getting infinite solutions A= 0, A;=A,=A=0then
check all the three equations
2 1 -
LetA=[1 -3 2|=0
1 4 3%

AndA =|1 -3 2|=0=K=6
K 4 -3
=8+K=3
(b) We are given that
2x-3y=y+5andax+5y=p+1
Here system of linear egns has infinite many solution

O‘_i_B’Ll

2 -3 y+5
-10
= OL=T, 5y+25=—3[3—3

= 9a=-30, 3B +5y=—28=> 90 + 3B + 5y=-58
|9a.+ 3B +5y|=58

N\ |\
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Take A #0121 - k20, k= +11

123 For k =—-11, 11, the system has no solution.
82. (b) For unique solution 1.3 5=0 Therefore, the system has unique solution with
2 5 a ke R—{11,-11}.
86. (b) Given system of linear equations are,
= 3a-25-2(a-10)+3(5-6) #0 X+y+z=o;ax+2ay+3z2=-1;x+3ay+52=4
— a-8#0=a=8andbeR. System is inconsistent when |A|= 0.
1 1 1
3 2 1 A=|a 2a 3|=0
83. () LetA=5 -8 9/=0 1 34 5
2 1 4

expandw.r.t. R,
3(-8a-9)+2(5a-18)+1(21)=0
= (@-1?=0=0=1

=a=-3
Now, we have
b -2 1 cvigel 0
X z= N
Now A =3 -8 9 y
1 1 -3 X+2y+3z=-1 (i)
X+3y+5z=4 ()
If b= 1 Multiply (i) by 2 and subtract (iii), then
3 .
X+y+z:_6 ...(IV)
A =0

) So, equation (iv) does not satisfy all points of eq. (i).
For no solution A = 0, and at least one of A}, A, or A,

should be not equal to zero. Therefore, for o = 1 the system of equation has inconsistent

solution.

84. (c) Forinfinitel lutions, .
(c) Forinfinitely many solutions 87. (b) Giventhato+p+y=2r

A=0=A;=A,= A,

1 cosy cosp

o 1 1
A=|1 2 3 =0 cosy 1 cosa
1 3 5 COSB cosa 1
=0 (10-9)-1(5-3)+1(3-2)=0 =1 + 2c0SoL. COSP. COSy — COS2aL — COS2P — cosZy
=a-2+1=0 = sin2y — cos2a. — cos2B + (cos(o + B) + cos (o.— B)) cosy
—a=1 = sin?y — cos?o. — cos2B + cos2y + cos (o — B) cosy
= sino. — cos?B + cos(o —P) cos (a+ B)
511 -+ cos (ot +B).cos(a—B) = cos? o —sin® B
Ap=|4 2 3=0 = sin%0 — cosp + cos2a. —sinB =0
B 35 88. (a) 3x+5y+iz=3
7X+11y-9z=2
=5(10-9)-1(20-3p) +1(12-2p) 97x+ 155y—189z=p
—5-20+33+12-28 =-3+p=0
_ 3 5 A X 3
=>p=3
85. (d) Given system of linear equations is consistent when 711 =9y |=|2
determinant is not equal to zero. 97 155 189z | [m
AX=B
& 3 -14 = Aclg
A=|-15 4 -k |=121-K?
-4 1 3
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_adiA g
|A|
For Infinitely many solution
|A|=0and (adjA)B=0

3 5 A
7 11 -91|=0
97 155 -189
—2052 + 2250+ 18A.=0
= Ai=-11
-684 -760 76
adj A=| 450 500 -50
18 20 -2

684 -760 76 (|3 0
450 500 501 2|=|0

(adjA)B=
20 -2 ||pu 0
= 54+40-2u=0
= 2u=9%
= u=47
= u+2A=25
89. (c) Since the system of equation
X+2y+3z=3 (i)
Ax+3y-4z=4 (D)
8X+4y—-Az=9+pn ..(ii)
Now
(i) x 4-(ii) = 5y+16z=8 .(iv)
(i) x 2- (i) => 2y + (A—8)z=-1-pu (V)

(iv) x 2- (jii) x 5= (32-5(1—8))z =16—-5(-1—p)
o . 72
For infinite solutions = 72-5A=0 = k=?
-21

21+51=0 = M=?

72 -21

thus, (A, p)=| —,—
()= 272

90. (d) System of linear equation is inconsistent when A =0.

1 21
A=|la 3 -1=0
-l 2

=(6+1)-2Qa-a)+1l(a +3a)=0
7
=7-20+40 =0=7+2q =0So0, 0l=—§

For inconsistent solution, atleast one of Aq,A,,A; not
equal to 0.

2 21
Then A =| o 3 -1=14+20
-o 1l 2

7. .
Now, put o = 3 in above equation,

A1=14+2><(—%)=7 A 20

(b) Augmented matrix

1 1 -1]6
[A:B]=|3 2 -1|5
2 -1 2|3

R, —>R,~3R; Ry—>Ry—2R,

1 1 -1| 6
[A:B]=|0 -1 2 |-13

10 -3 0 |-15]
R; > R;-3R,

(1 1 -1| 6 ]
[A:B]=|0 -1 2 |-13

10 0 -6 24 |

= 61=24d=7=-4= —y+27=-13 =y=5=
X+y-z=6=>X=-3=0
So+pf=5-3=2
(d) Equationsare
X-y+2x =0 (i)
kx-y+z =0 (D)
3Xx+y-3x =0 ..(ii)
System of equations posses a unique solution, if
1 -1 2
[Al=|k -1 1|=0
3 1 -3

ApplyingC, - C,+C,andC, - C, + %C3

0 0 2 0 0 2
|A|=|k-1 —% 1 :—% k-1 -1 1
1 4 -1 -3
4 -= -3
2

- % x2[(k-1) (- 1)~ (4) (-1)] .0

N\ |\
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93.

94,

95.

96.

=>—(k+1+4)#20=>k-5#0=k=5
Thus, the system does not posses unique solution, if
k=5

3 -4 1 X -7
(d) Here, A=|2 3 -1|,X=|y|,B=[10
1 -2 -3 z 3
~|A|=3(-9-2)+4(-6+1)+1(-4-3)=—-60
~11 -14 17
Alolls _10 s
—60
72 17
~11 -14 17[-7 1
X=AB=—"1| 5 -10 5/(10]=| 2
-7 2 17 3| |-2
x=a=1
3-14
(@ Wehave, A=|1 2 -3=71+35
6 5 X

If7A+35=0i.e.,, A # —5, system has a unique solution.
[A# 0 =unique solution]

Butif A =-5, we have A=0. Solution exists in this case if
A=A =A,=0.

Nowfgrk=—5,
3 -14 33 4
and Ay =-2 2 3/=0,Ay=(1 -2 -3 =0,
-3 5 -5 6 -3 -5
3-13
Ay=1 2 -2/=0
6 5 -3

Thus, A=A, =A = A,=0so there exists infinite number
of solutions.

-1 cosC cosB
@ A=|CSC -1 cosA
cosB cosA -1

= —1(1 - cos? A) + cos C(cos A cos B + cos C
+ cos B(cos A cos C + cos B)]
=—sin2 A+ cos? B + cos? C + 2 cos A cos B cos C
Clearly, we can observe that A > 0.
Hence, system of equations has a non-zero solution.
1 2 1
1 3 4

@ . A= =0
15 10

. Given system of equation is consistent.
Therefore, A; =0

97.

98.

99.

100.

1 2 1
= A]_: k 3 4 =0

k? 5 10
= 1(30-20) — 2(10k — 4k?) + (5k —3k?) = 0
= (k-2)(k-1)=0 = k=2,1

Hence, the real values of k i.e.
A=2andB=1=>A+B=2+1=3

1 -1 2
) Leta= 2 1 4
1
=1(1-4)+1(3-4)+2(3-1)=0
4 -1 2
andA;=[6 1 4 =4(1-4)+1(6-4)+2(6-1)
1 1 1
=-12+2+10=0
These equations have infinitely many solutions.
(d) The given system can be written as AX = B, where

2 3 1 X 5
A= 31 5 , X = Y1, B=|7 :}lAI:O
1 4 -2 z 3

As| A|=0, thissystem can have no solution (or) infinitely
many solutions. So we check (adj A) B.

-22 10 14
adjA= 1 -5 -7
-5 -7
-22 10 141]5 2
(adJA)B= 11 -5 -7 7/=1-1] =0
11 -5 -7(|3 -1
Hence, there exist no solution
1 -2 3
@ D=3 1 -2[=42
2 3 1
D = 0 therefore unique solution
O R A B |
D=[3 1 7|=212=F =7
2 3 6

(d) Since, system of equation have non trivial solution,
thenA=0

A-13n+1 24
A-140L-2 A+3
2 3+1 3(A-1)

=0 =A=00r3
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If A =0, the equations become
_X+y:0,

—-x-2y+3z=0and

2x+y-3z=0,

X Y XY
"6-3 6-3 -1+4 3 3 3
= Xx:y:z=1:1:1

PREVIOUS YEARS MCQs

1.

@ [Ad.Al=|AP

2 -1 4, 12 1
b) |Al=7, adjA= Y N -
(b) |Al=7,adj L 3} 7{1 3}

apto|t 2
2 6

(@ F(a).F(-a)

cosa —sina 0|cos(-a) -sin(-a) O
sino. cosa  O||sin(-a) cos(-a) O
0 0 1 0 0 1

2

cos? o +sin? o+ 0 cosasina—cosasina+0 0+0+0

=|sinacoso —sinacoso +0 sin? o +cos? o +0 0+0+0
0+0+0 0+0+0 0+0+1
1 00
=0 1 o|=I [+ cos? o +sin® o =1]
0 01
F(a) . F(-a) =1 - [F(a)]™ = F(-a)
x 3 7
@ LetA=|2 x 2|=0
7 6 X

= x(X2-12)-3(2x-14)+7(12-7x)=0
= x3-12x-6x+42+84-49x=0

= x3-67x+126=0

If (x + 9) is a factor of the given equation then
(X+9) (x2-9x+14)=0=>x2-9x+14=0
Thus (x—7) (x—2) = 0 isthe other factor.

2 -3 5
(@) Givendeterminant is 6 0 4
1 5 7
-3 5
We have M31=‘ 0 4‘=—12—0:—12

= A,=My,=-12

2 5
M32= 28—30:—22

= A,=-Mg,=22

=15 _o —0+18=18 = A, =M,,=18

SoapAg taphAg T apAg
=(2)(-12) +(-3)(22) + (5) (18)
=-24-66+90=-90+90=0

3 -2 4
1 2 -1/ and
0 1 1

() If A=

Al =%adj > @)

Also, we know A~ = % ....... (ii)

.. By comparing (i) and (ii)
3 -2 4

|Al=k = |AF[1 2 -

0 1 1

=3(2+1)+2(1+0)+4(1-0)

=9+2+4=15

(@ We know that

adj (adj A) = |A|"2A, if|A| =0, provided order of Ais n.
oo adj(adjA)=|A|A(asn=3)

. det(adj (adjA)) =| AP detA=|A*

1 2 -1
But|Aj=|-1 1 2 |=14
2 -1 1

.. det (adj (adj A)) = (14)*
(@) Thesystemis Ox, +X,-x,=1
=X, +0X,+2X,=2
X;—2X, +0x;=3
0 1 -1|xq 1
-1 0 2 |xy|=|2]0or AX=B
1 -2 0 X3 3

=

Clearly|A|=0

NowAdjA=|4 2 2
2 11
2 11

. (Adj A) B # 0 = system is inconsistent

N\ |\
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x 1
9. (@ AzL O}

10. (d)

11.

12.

13.

IAl=0-1=-1

-1 10 -
LAt=SL

A=Al =x=0

(A=-21)(A-41)=0
= A2-4A-2A+81=0
=A2-6A+81=0
Multiply A both sides we get :
AL A A-B6ATA+8ALI=AL0
=IA-61+8A1=0
=A-61+8A1=0
= A+8A1=6l

(b) (A2-5A) A= A’AL5AAT = A AA--5]

=A-5l

1 2 3|/ [/500

=(-1 1 2|-|0 5 0

1 2 4| |0 0 5

-4 2 3
=[-1 -4 2
1 2 -1

1
() Here A=|1
2

PN
~N O W

we know that,
gAy t agpAgt 33A5 = |A|
=+1(7-20) - 2(7—10) + 3(4—2)

=-13+6+6=-1
1 0 0
(b) Consider A=|3 3 0
52 -1

100

So, |A|=3 3 0

5 2 -1

= 1(3% (1) -0)-0(3 X (-1)-0—0) + 0 (3% 2—5x3)
=1x(-3)-0-0=-3

Now, adj A

(Bx(-1)-0) -3x(-1)-0) (3x2-5x3) 7"
| —(0-0) (@x(-1)-0) —(2x1-5x0)
(3x0-0) —(1x0-0)  (3x1-0)

14.

15.

16.

-3 3 -9
=0 -1 -2
0 0 3
-3 0 O
adjA=|{3 -1 0
-9 -2 3
1 1—3 0 O
Hence, Al=—adjA=—|0 -1 0
A -3
-9 -2 3
a 14 -1
(d) Consider, A={2 3 1
6 2 3

So,

o 14 -1
|A|{2 3 1}a(g-z)-14(6-6)-1(4-18)
6 2 3

=7 +14

As, inverse of matrix A does not exists.
Therefore, |A| =0

= T7a+14=0

Hence, o =-2

1
2
1

N PR

0
b) Given, A= 5
1

Since, the sum of the product of element other than the
corresponding cofactor is zero.
a3 Agy a5, Ay + A =0

tisgiventhat A<| > “|.e=|® 7}
(a) Itis given tha =3 21B=l1 o

As, (B1AY) L= (AL (BY)1=AB
[ (AB) = BrtAT]
[ (A t=AT]

[2 2Jo -1] [o+2 -2+0] [2 -2
|3 2|1 o] |0+2 3+0 | |2 3

N \\
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21.

17 Gi A= L2
. (c) Given, A= 4 3

and AX=1
= X=All =Xx=A1

4 1[3 -2
men =l

13 =21 13 -2
" 3-8/-4 1| -5/-4 1
I
"5/4 1

18. (@ Given|B|=KandAB=1

(~A1=B)

1 1
lABl:l:lAl:H=E

22.

1
ad (adj A) = |AF? A= [A]A= - A

(adj (adj A))*=

1 4 1.4
ZAl KA1z (KA 1T==A
" KA KB( (KA) c )

19. (o)

= 2a+b-6=0 (i)
1 1 6

A= 2 3 a+
-1 -3 2b
—a+b-8=0 (i)

By adding egs. (i) and (ii) we geta=-2,b =10
=7a+3b=7(-2)+3(10)=16

=0

3

3|l andP=adjA

1l o
20. (c) Given,P=|1 3
2 4 4

= |P|=20-6
We know, |adj A| = |A" -1
SPI=EIAR 1= 20-6=(4)2 = a=11

N\ |\

23.

(c) For Infinitely many solutions,
2 L 3

A=0=|3 2 -

4 5 pu

=0

= 2Qu+5)+A(-4-3uw)+3(7) =0
= 4u-3Au—-41+31=0 ..(i)

2 A 5
A3=0=|3 2 7|=0

4 59
=2(-17) + (1) +5(7)=0
=>Ai=-1
Similarly, A,=A; =0
From equation (i),
4u+3u+4+31=0=pu=-5

A2 4p? =26
(b) Det(A)=6
The given equation is

| adj (adjA) |(adj A) ™ = kA

|adj (ac A)| = [AlPD = A" [Ais3x 3matrix]

Also,

i yt= SEAA) _[ATEA AL A
ER N

A =

A
We get [APA=KkA = k=|A]’=6° =216

318
A=2 o -1=0
®) *
121
3a+4B-0p+3=0
313
A, =2 oo -3=0
12 4

-19 6
9a +19=0=>OL=T,[3=—

=22f-90=31
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24.

25.

26.

1 2 -2
(a) A= 2 -1 2 :lAl:Z
1 1 -2
0 2 1
And co-factor matrixof A= | 2 ~4 3
2 -6 -5
0 2 2
= Adj(A) = 2 -4 -6
1 -3 -5
1 2 2
Y gAY oA 2 4 g
A 1: |A| J( )
1 -3 -5
1 4 0
A+2A =4 5 4
0 -2 -7

@ |5.adjA|=5=5%|A)F1=5
1
=125|A2=5=|A|=+ <

0 4 -6
() Given,AdjA=|10 8 O
2 4 4
Hence, |A| =4
-32 -8 48
40 12 -60
2 -40

Also, Adj (Adj A) =

A agicadiay

+ A=A A (A= Tagia)

8 2 12
:Az%.Adj(Adj(A))z 10 3 -15
6 2 -10

On comparison, we get
a=-8,b=-2,c=12,d=10,e=3,f=-15

—|AdjA| = 16,

217.

28.

/=6,m=2,n=-10
cd , In __(12)a0) (6)-10) _

NOW. 6 em ~ (<152 @)

also,a+m=-8+2=-6

1-32
) |A|=[-21 3|=-42
32 -

Now, A%adj A=A.AadjA=A |A] = -42A

2 -3 2
3.1 41
© A=
1 -3 -3

=2(-3-3)+3(-9+1)+2(-9-1)
=-12-24-20=-56.

6 -15 1
adja=| 8 8 8
-10 3 11
(6 -15 1
L agiay=—1| 8 -10 8
A=A 56
-10 3 11
X=A"lB
[ -6 -15 1][-15
=% 8 -8 8] -2
-0 3 11) -8
90+30-8 | 112
=% ~120+16—64 =% ~168
7| 150-6-88| | 56
al [-2
Bl=|3
Y _—1

S 20+PB =-4+3=-1=vy
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Trigonometric Functions

WARM-UP
Topic-wise MCQs
s s
-, +_
s s
@ E,TC 6
s
nm+—
© nmig

() So, cos x = cos(z—;t)
2n
General sol X =2nmn J_r?

(©) Given tan?9x = —2sin® x

= 2sin®x+tan?9x =0
Since, sum of two positive quantities = 0

So,each =0, 4/2sinx =0, tan9x =0
= x=0o0rnm, 9 =0 or x=n—97t
Hence, common value of x=nn, nel
() tanx=tan 5—;:

5n
General sol x = nn+?

V3

T
(@ cosx=—=cos—
2 6

T

General sol X = nnJ_rE

(b) Given, tan(cotx) = cot(tan x) = tan [g —tan x]

T T
= Cotx=n7r+§—tanx :>cotx+tanx=nn+§

b 1 nm =«
—_— =Nt — = — =—+—
Sin X cos X 2 sin2x 2 4
. 1 4
= sin2X = =
MJFE 2n+)n
2 4

b) tanx=1=tang

T
General sol x = nnJ_rZ

10.

11.

12.

13.

14.
15.

16.
17.

18.

1 n n
(© cose=T=cos—:>tan9= -l=tan—
2 4 4
(@ sin® 1 =sin£andcose=£=cosE
2 6 2 6

General sol 0 = 2nn+%

. 2 _
(d) Since x+y= ?n ..(i)
And, cosx+cosy =g (D)
From (i), 2COSX—;yCOS X~y =g

2

i Xx-y) 3 .
2C0S—CO0S| —= |=—

or 3 ( > j 5 [By ()]

Xx-y) 3
cos| —= |=—
or oo 2543

This is not possible
Hence the given system of equations has no solution.

1 5 51
a) C€0SO=-—==cos—,tan0=1=cos—
@ V2 4 4
5n
General sol 6 =2nn +T’ nel

@

(b) We have, y+cosx =sinXx = y =sinXx—Cc0sX
As /2 <sinx—cosx <~/2

0, 2<y<4f2

(©

) 500329+2coszg+1=0,—n<n<n

= 10c0s20 + cos0 -3 =0

cose=—§ or cosezlzcosE
5 2 3

tanx +tany

tan(x+y)=——
() We have, x+y) 1-tanxtany

1
1-tanxtany
= tanxtany=0= Eithertan x=0 ortany=0

= [Using given equations]

Either x=nnand y—E—x—E—nn
- 4 4

T
or y=mn and X =7~ mm

N\ |\
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19.
20.

21.
22.

23.

24.

25.

26.

217.

28.

(@
(c) 1+ cot 6 = cosec 6
cos 0
—— =1+ —— = sinO6+cosH =1
sin 6 sin O

. . T T T
sin @ sin— +cos O coOS— = COS—
4 4 4

T
. Hence, ® = 2ntor 6 = 2nnt + —

T T
- — =2nn+ —
0 nm 4 >

4
But, 0 = 2nx is ruled out

tan 0= = =t (n) . = nu——
(d) tan ——\/g—an %) 07 5

(@) 2tan20 =sec?0 = 1+ tan? 0 = tan20 = 1 = (1)?

T
= tan2—
tan 4

0=nn el

J>|>-l

(b) sin 3o = 4 sin a sin(x + a) sin (X — a)
sin 3o = 4 sin o (sin?x cos? o — cos? x sin? o)
3sin o —4sinda = 4 sin a (sin?x — sin? )

. 3 . . 2T
sin2 x = (Z = sin2x = sin 3 X=nm+

®) tan9+tan(%—0) =2=tan 0+ 2

tan 6
= tan?6-2tanO6+1=0

T
=>0=nn+ —.

= tanezlztanE
4 4

(b) sin2@sec 6 + /3 tan 6 = 0
(sin29+«/§sine) sec 0 =0

sin 0 (Sin6+J§) sec®@=0=sin0=0

0=nx,nel [ sin6¢—\@, sece;tOJ

(c) sec 40 — sec 26 = 2

.. C0S 20 — cos 40 = 2 cos 46 cos 20
— €0s 406 = cos 660 = 2 cos 50 cos 6 = 0
bcnps F o NE,T
hmr S s T

(d) tan 6 tan 260 = 1 .. 2
1-tan“ 6

~2tan?@=1-tan?0 .. 3tan20=1. 0=
(@ 4sin?0 + 2(\/§+1) cos 0 =4 + 43
= 4-40c0520+ 2(v3+1) cos =4+ 3
= 40820 - 2(\/§+1) cos 0+ 43 =0
2

23 +1) £ |4(3 +1)" 163

8
V3 1 b1 ks

= cosez—or—: 0= 2nn+—or2nn

= C0s O =

oo_l a

29.

30.

31.

32.

33.

(d) We havesin20—sinf—2=0= (sind + 1) (sinf-2)=0

. . T
. sin@=-1=sin —

Assin 0 # 2 >
3t 6n (5_717_7T)
T2 T4 S\4's
)
1
@ LN\ N\, y-2
AY o
b 2n T
\/ y = sin x

2sin x+5sinx—3=0 = (sinx+3)(2sinx-1)=0

= sinx= % and sinx = -3 .. In [0,3n], x has 4 values.

(d) coto + cot(§+9) =
cos(n+9)
cos 6 4
- + =2
sin 6 sin(n+9)
4
sin E+29 =2sin® sin(5+9)
4 4
= cos(e—f—e)—cos(mfw)
4 4
sin(E + 29) = cos(_—n) - cos(ze + E)
4 4 4

. (T T 1

sin| —+20 |+cos| —+ 20 |=—
- (4 ) (4 ) NG,
= [icosze+isin29]

V2 V2
1 1 . 1
+ | —=10€0s820 ———=5sin 20 |=—
[\E V2 ] V2
2 cos 20 = 1 cos 20 = 1—cos(n)
RN/ N7 "2 3
o o
= 29=2nn+§:>9=nni E
(c) cot ©6 +tan 6 = 2 cosec 6
1 V4
= — L =_2 :cosez—:COS(—j
sinBcosO sin O 2 3
= 0=2nm E
3
(c) coth=-— 3=—cot£=cot(n—£) cot >
6 6 6
5n b4
6=—or—— i
5 6 (i)
COSec 0 = —2 = — cosec - = cosec(—zj
6 6
e 5n
O=——=0r——- i
5 5 (i)

T
Common value= —=

\V



34.

35.

36.

37.

38.

39.

MHT-CET-Mathematics

3 n

(@ We have, sin x = S = —sin 3

Hence, sin x = sin4—;, which gives

X = ng + (-1)" 4—3” where n e Z.

b) LetA={6:sin6=tan8}andB={0:cos6=1}

Now, A={e:sine=ﬂ} = {0:5in 6 (c0s 0 —1) = 0}
cos 0

={6=0,n,2x, 37,.....}

ForB:cos60=1 = 0=m, 2%, 4x,......

This shows that A is not contained in B. i.e. A & B. but
BcA.

(@ sin 40 + 2sin 46 cos 30 = 0 = sin40(1+2c0s30) =0
1
sin 49=0 oOr cos 39=—E

2
49=nm:nel or 39=2nni?n,nel

T T 3n 21 8 4n
0=—5 & o 6=""""°T [.0¢c(,
42409999[96(07r)]
(d) tan(A-B)=1= A- B = 45° or 225°
2
sec(A+B)= = A + B = 30° or 330°
( ) \/g =
A+B=330° = 2n - L=k i
= =2n - 6 6 ()
5n =
and A- B =225°= - .. (i)
Solving (i) and (ii), we get
g WA ST e Tn T
6 4 T 1T m
© Gi fion i . 1
c iven equation is cos X — sin x = —=
q 2
Dividing equation by ~/2,
icosx—isin x—1 = cos(5+x)=cosE
J2 V2 2 4 3
ua =2n £z =2n +E—E—2n v =
= g TXTAMmE g XE AT Ty 2 AT
r =2n r.r 2n E
(0] X = T - 3 4 = T - 12.
(c) We have, sec  + tan 6 = /3 .. (i)
1
= secO-tan 6 = ——= ... (il
NG (i)

[ sec?0 - tan2® = 1]
By solving (i) and (ii), we get

tan 6 = %[\/ﬁ_%j:% s tan 0 = tan(%)

T
= 0=nn+ —<

40

41.

42.

43.

44,

45.

. b V4
Solutions for 0 < 0 < 27 are E and ?.

Hence, there are two solutions.

29 = 2 292 2
(b) We have sec- 6 = c0s- 0 4

3

/s
= c0s29 = COSZ(EJ: O=nnt —.........

(b) The given equation is tanx + secx = 2 oS X;
= sinx+1=2cos2x = sinx+1=2(1-sin?x);
= 2sin?x + sinx— 1= 0 = (2sin x — 1)(sinx+ 1) = 0

1
= sinx= -, -1= x=30°150°, 270°.

2

. 1 X2 +1
(d) Since, cos 6 =x+ ~ = C0s 0 =
= x2-xc0s0+1=0
For real values of x, (- cos 0)2-4x1x1>0
c0s20>4;cos0>2andcosO0<—-2  [-1<cosH<1]
which is not possible So, no value of 6 is possible.

1

(c) x T 2cos0 (given) «(0)

(x+1)3—x3+i+3xl(x+1) By using (i
™ N ™ y using (i)

8cos® 0 =x> +%+3(Zcos 0)
X

x3+i3=8cos3e—6cose

X
= 2(4cos® 0—3cos6) = 2 cos 30

@

cosA cosB cosC
a b c

cosA  cosB  cosC
2RsinA  2RsinB  2RsinC
= cotA=cotB=cotC

= A=B=C=60° = AABC isequilateral

Hence, A= ?az =43

(b) Since, A+ B+ C =mx.Therefore,

tanétanE+tanEtanE+ tanEtanA =1
2 2 2 2 2 2

= Xy+yz+zx=1 (i)

where x = tan A =tan B z=tan ¢
Slnguyslan gLzt

We know that (x —y)2 + (y—2)2 + (z-x)2 > 0

= 25x% > 25Xy =¥x? 22Xy

=3¥x?>1 [+3xy=1 (From(i)]

:>tan2é+tan25+tan2921
2 2 2

N\
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46.

47,

48.

49.

2co0sA cosB 2cosC a b
+ + =—+

©

a b c  bc ca
2(b2+c2—a2)+a2+c2—b2+2(a2+b2—c2)
2abc 2abc 2abc

a b

:—+—

bc ca
3*+c*+a® _a b _a*+b’
2abc bc ca abc

= 3b2+c2+a?=2a2+2bh?
= b2+ c2=a2 Hence ZA=90°.

sin Asin B
sin? B —sin’C

~.sin(B+C)sin(B-C)=sinA

() AD=csinB=

sin (B-C)=1=sin90° [-A+B+C=n]
B-C=90°
B=90°+C=90° +23°
/B=113°
A
b
C
) 23°
D B C
€ Leta=a-PB,b=a+p, c=+/30?+p
2 2 2
- CosC:m
2ab
2,02 2, 2 a2 2
— cosC= & +B°—-2af+a :B :2(1[3 3o B
2(a” =)
2 a2
= cosC=—%=cos(E)
2(a”—B9) 3

= /ZC= 2—; (largest angle).

(d) We know by sine law in AABC as
a b c
sinA sinB sin(n—A-B)
a b c

= - =— =— =
sin A sinB sin(A+B)

(@ Ifweknow a, sin A, sin B we can find b, c; values of
Z’sA,BandCall.

(b) Using a, b, ¢, we can find ZA, ZB, ZC using cosine
law.

() a,sinB,RaregiventhensinA, bandhencesin (A+B)

and then C can be found.
(d) Ifwe know a, sin A, R then we know only the ratio

b c
- or —
sinB  sin(A+B)

values of b, ¢, sin B, sin C separately.
.. A can not be determined in this case.

=2R

2R

,we can not determine the

50.

Sl

52.

53.

(@ Bysinerule, thesine of the angles are proportional to
the lengths of opposite sides.

ie., sin A _ sin B _ sinC

a b c
Given aAABC in which ZABD =60°
and o also @ = l
ZACD = 45°, DC_ 3
A
60° 45°

B 1D 3 C
From AABD, (Bysine Rule)

sin /BAD _ sin60°

A (]
BD AD 0
Now, in AADC;
sin Z/CAD _ sin45° (W)
DC  AD

Eq" (i) divided by (ii)

sinZBAD 3 V2 1 N3 1
——————=——X——X— = =—
sin/ZCAD 2 1 3 +2x3 6
25in 2=C cos B+C
© b-c sinB-sinC _ 2 2
a Sin A Zsin ACOS é
2 2
. B-C
sin
- A
COS —
2
:>(b—c)cos§=asinB;C.
(@ (a+c)’-b2=3ac = a?+c?-b%=ac
2,2 2
ButcosB=u=1 =B= I,
2ac 2 3
(@ Fromthe given relation
sinC= L COSACOSB ()
sin Asin B
= 1<cosAcosB +sin AsinB
=cos(A-B)>1 o cos0F 1 .. (i)
.. A-B=0orA=B
 anc2 02
Hence from (i),sinC=1 .cgs A=S!n2A=1
sin“ A sin© A
. C=90°=A+B=90°0rA=B=45° [By(ii)]

Hencea:b:c=sinA:sinB:sinC=1:1:+2

N \\
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54, () sin?A+sin®B+sin’C - Sin(_A—B)zsin(A—zB)siﬁ (2A+ B)
=1-cos> A+1-cos?B+sinC sin € sin®A+sin”B
=2 —cos® A —cos(B + C) cos(B — C) :Sm(A_B){ 1 sinC }z
= 2-cos A[cos A —cos(B - C)] sinC  sin®? A+sin’B
= 2—cosA[-cos(B+C)—cos(B-C)] E_itzher sin 2(A - I_3)2= 0 :2> A 2=_B 2i._e. is_oshceleslo(;
— 24 c0sA.2cosBcosC frlir;nﬁ};sm B =sin® C or ac + b* =c* i.e., right angle
. sin2A + sin2B + sin2C — 2cos A cos B cos C = 2 gle.
55. (d) a2+ a2+ 4b%-4ab=2ac-c? 60. () Heretan 2 tan S 25—
= (a-2b)2+(a-c)?=0 2 2
which is possible only when 52_ s-b . 35_3b=s—25=3b
a-2b=0anda-c=0 6 5 s
—a+b+c=3bora+c=2bh.
or 220 _C_, (say) -.a,b,carein A.P.,alsosin A, sin B, sin Carein A.P.
1 12 1 61. () (a+b+c)(a+b-c)=3ab
sa=A,b=M2,c=A s o
a2+ c2 b2 b =c 1 sC=cos X = /C=n/3
cosB= 2ab 2 3
,2ac 62. (c) ab?cosA + ba?cosB + ac?cos A + ca? cos C
32492 M +Dbc? cosB+hb?ccosC
_—4=1_l=1 =ab (b cos A +acos B) +ac (c cos A+ acos C)
21 8 8 +bc (¢ cos B + b cos C)
56. (a) cotA+cotB sin(A+B) sinC = abc + abc + abc = 3abc.
' cotC  sinAsinB cosC 63. (@) 8RZ=aZ+h2+c2=4R2(sin2A+sin2B +sin2C)
(2 (2 f 2o
sin2¢c c2 2ab :>?|n 2AA+S"'] ch;r)Tn Cz_BZ .
= =—. = (cos? A —sin cos? B =
SlnASlZn BcosC ab2 a2 +b2 _C2 = COS (A_C) cos (A+C)+COSZ B=0
___ % __ 2 _3.m = 2cosAcosBcosC=0
a® +h? —c? 17c2_02 4 n Sothat, cos A=0or cosB=0o0r cos C=0
9 Y Y Y
:>(m+n)=9+4=13 :>A=EOFB=EOFC:E.
57. (b) IfA+ B+C=m, 64.

then cos mA + cosmB + cos mC

. mA . mB . mC
=1-4sin—sin—--sin—
2 2 2

b) s—a=3=b+c-a=6 (i)

s-c=2=a+tb-c=4 (D)
Adding these two equations, we getb =5
Since B isarightangle

s b2=a2+c2=a2+c2=25 ...(iii)
Form=2 Solving, wegeta=3,c=4.
C0s2A +c0s2B+c0s2C =1-4sinAsinBsinC 65. (c) Itisgiven that area of AABC = Area of ADEF

= C0S2A+c0s2B+cos2C +4sinAsinBsinC =1

B . B . (C-A
tan (2) Sin 2Sln( > J
58. (d) We have,

= % (AB) (AC)sinA = % (DE) (EF)sinE

= SinNA=SiInE=sin2E=sinE=2E=xn-E

C-A B C_A
cot(zj coszcos( 5 J :>E=g:>A=2E=2—;,
= s!nC—s!nAz keka _c-a_a 1 (-~ c=2a). b?+c?—a?
sinC+sinA kc+ka c+a 3a 3 66. (b) WehavecosAzZ—bC

sin(A-B) a’-b?
sin(A+B) a?+b?

=b2-2bccos A+ (c2-a2)=0

Itis given that b, and b, are roots of this equation.
Therefore b, +b, = 2¢ cos A and b, b, = ¢? — a2

= 3b; =2ccos A, 2b% =c?-a?, (- b, =2b, given)

59. (c)

sin(A-B) _sin? A-sin’B
sin(A+B) sin? A+sin’B
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67.

68.

69.

70.

71.

72.

2
= 2(%cos Aj =c2-a?
= 8¢2 (1-sin? A) = 9c2-9a?

9a%-c?

=sSinA= >
8c

c2+b?—a?
2bc
=c2-2bccos A+ (b2-a2)=0

(@ Wehave, cos A=

Itis given that c, and c, are roots of this equation. 73.

Let C, and C, be the angles corresponding to the sides
¢, and c, respectively

Therefore ¢, + ¢, = 2b cos A and ¢,¢, = b? — a2
=k (sin C; +sin C,) = 2k sin B cos A
=sinCy +sinC,=2sin B cos A

Now sum of the areas of two triangles 74.

absin C; + %ab sinC, = %ab (sinCy +sinC,)

R N

Eab (2sin B cos A) = ab sin B cos A

=b (asinB) cos A=b (bsin A) cos A = —b2 sin 2A.

() xadcos (B-C)=xa?[ksin A cos (B -0)]
=kza?sin (B + C) cos (B-C)
=kZa? (sin 2B + sin 2C)
=kZa? (2 sin B cos B + 2sin C cos C)
=3a? (b cos B + ¢ cos C)
=a? (bcosB +ccosC)+b? (ccosC+acosA)
+c2 (acos A+ b cos B)
=ab(acosB +bcosA)+ac (acosC+ccosA)
+bc (bcos C +ccos A)
= abc + abc + abc = 3abc
(@ Xa? (cos?B —cos? C)==xa? (sin? C - sin? B)
=K2¥ a2 (c2—b2) =0,
(@ 2a2b%+2b2c2=a%+b*+ct
Also, (a2 — b? + ¢?)?
=a*+bt+ct-2(@2h? +b2c2-c?a?)
= (a2 -b%2+c?)2=2c2a2

a?-b%+c?
2ca
= B=45°0r135°.
() Since A, B, Carein A.P., therefore B=60°
[-A+B+C=180and A+ C=2B]

1
+ -
N2

Now, sin (2A+ B) = % (given)

= 2A+B=30°o0r150°
Butas B =60°, 2A + B =30°.
Hence 2A+ B =150° = A=45°
Hence A=45°, B=60°,C=75°

75.

=c0s B 76.

(@ Letthe fourth side be of “‘d” length.

We know that ABZ + BC2 - 2AB . BC cos 60° = AC?
[By cosine rule]

=CD? + DA2-2CD.DA cos 120°
or 4+25—2.2.5.% =9+d2+3d

=d?+3d-10=0
=d=-50rd=2
sd=2.

(c) Sincecos3A+cos3B+cos3C=1
3A 3B 3C

= 4sin — sin — sin — =0

2 2 2

Either BTA =180°or 328 =180°or % =180°
Either A=120° or B =120° or C=120°

(c) Consideratriangle ABC.

Given, angles of atriangle are in theratio4: 1: 1.
Angles are 4x, x and x.

ie, ZA=4x, /B=x, Z/C=x

Now, by angle sum property of A, we have

ZA+ B+ £C=180°

180° _ 00

= 4x+x+x=180° = x=
- ZA=120°, #B=230° £C=30°

We know, ratio of sides of AABC is given by
sinA:sinB:sin C=sin 120° :sin 30°: sin 30°

_ill_\fll

2 22
Required ratio = V3 = 3 .
1+14+3  2+4/3
b) A+B=180°-C=90°
a=2RsinA,b=2RsinB,c=2RsinC
a’—b? sin®A-sin’B
"a?+b? sin®A+sin’B
_ sin(A+B)sin(A-B)
_sin2A+sin2(90°—A)

[ A+B =90

_ S|n920 S|n(A2—B) _sin(A—B)
sin“ A+cos” A
(b) From cosine and sine formula, we have

b? +c?-a® i i i
COSA = and smA:smB:smC:k
2bc a b c
Given, in any AABC,
cosAzs"_LB
2sinC

From the above given formula, we have
sin B = bk, sin C =ck
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77.

78.

79.
80.

81.

82.

83.

N\ |\
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. cosA= K _ B
2ck 2c

Put the value of cos A in the formula, which gives

b b*+c?-a?
2c 2bc

=c’=a’> = c=a

(@ Since A+B+C=mx

.A B C n A B =

ottt o= =
2 2 2 2 2

tané+tanE

N 2 2 _
1—tanétanE tang

2 2 2

= tanétanEHanEtanE = 1—tanétanE
2 2 2 2 2 2

= tanétanE+tanEtanE+ tangtanA =1
2 2 2 2 2 2

2tan o
1+tan?0

2
@ Usecos20 =280 angsin 20 =
1+tan®0

-1 T . -1 T . -1 T
(c) cos x=E—sm x and —ESSIn xsE

() 0<3<mn<5<2nr,2n<7<3n

3sin26
@ % =mzi, wheret =09
4+5C0520 9 tan%p 1+t 3
(@ We have
a+p= S|n‘1J_+cos‘1J_ (sm —+C0S 11)
3 3
T
=—4+—=71
2 2
. . _ T
Since sin 1 x + cos 1X=E for all x

Also, o =£+sin‘1l<£+sin‘11
3 3 3 2

assin 6 isincreasing in {0, ﬂ

a<Zy I T :B>n> =>a<f
" ST =4 —>a a

3 6 2 2

_1].+X2 2

<l=x=+1

- . . o [1+X
() sin |sdef|ned|f‘ ™

84.

85.

86.

88.

1 1 1
1 1 r(r+1) PR
(b) 2= = 1 =
Ter+rs 1+r(r+D) 4 1+} i
r(r+1) +1
Y — 1 |can i@t L
1+r+r12 r r+1
Ztan [ j_tan_llzE
141412 4

@ tan! (%) +tant (gj = tan "t x

or tanl[—X/ng X/ZJ =tan~!
1-x°1/6

where x> 0andx2/6<1 = —/6 < x</6

5x
Now, [G—XZJ=X:X=0 orx2—1=0=x=+1.

Therefore, x ={-1, 0, 1} = 3 solutions.

_ 4 2x% -1
@ 2costx=cot 1[—}
2xa/1— X2

Put x=co0s0 : L.H.S. = 20;
0<6<mand -1<x<1 ()
RH.S.

€0s 20

=cot™t| ——= | =cot™*(cot 20) = 20
2c0s0|sin 0|

ifo<20<n (i)
From (i) and (ii),weget 0 <9 < /2
- xe(0,1)

d cost (\E J —cost (\/ng/glJ

— tan~ [\/EJ tan ‘1(\&\/\[}

1 342

-1 \/E 1+f a1 i _n

= tan [ 7 =tan [@J 5
" 2+6)

@) Let sin‘llze; sin‘ll:d) then sin*< 0+
a b X
.41
= sinsin ;zsm(9+¢)

1 .
:;=S|necos¢+cosesm¢
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89.

90.

91

92.

(d) We have
2 _\2
cosl[1 ij+cosl 1—y2 =z
1+x 1+y 2
Putx =tan 0 and y = tan ¢, we get
_tan2 _tan?2
st 1 tanze +cost 1 tanzq) _n
1+tan 0 l+tan“¢p) 2

= cos~t (cos 20) + cos~t (cos 2¢) = g

= 2(0+¢) = f = 0+p=—

&~ I

Y
So, tan"lx +tan~ly= "

= tanl[Xerj:tanll

1-xy
= X+y=1-Xy = x+y+xy=1

(@ cot(~vcosa )—tant (eoso ) = X

1
tan‘l(mJ —tan~! (JJcosa ) =X

1
—+/cosa
VCos a

= tan! 1 =X
1+ ~Jcosa
Jcos o

1-cos OL
2</cosa

= tan!

—1—COSoc or cotx= 2ycosa
2+/Ccos o 1-cosa

[Considering a A with perpendicular

= (1~ cosa) and base = 2Jcos o ]
1-coso  1-(1-2sin%a/2)
1+cosa  1+2cos?o/2-1

=tanx =

=sinx=

or sinx = tan? %

(c) cos~t (cos(=5)) +sin~1 (sin (6)) —tan~! (tan(12))
[~ 1radian = 57.27°]

=(2n-5)+ (6-2m)— (12-4n) =4n-11

J
X2 —12x+ 22
3

Let ———
\/9x -12x+ 22

b) cosl[
9

=u

93.

94.

95.

2 2
Ox2-12x+22=9 x2_fx+(2j _(Ej +22
3 3 3
2
=9(x—z) +18
3
Minimum value of \/9x? —12x+ 22 is \18 =342

1 1
= VJox?-12x+2223/2 = <

Jox2 —12x+22 2

3 1

a2 V2
Apply cos™?

cos [%j <cos 1(u) <cos%(0)

[ cos1 (u) is decreasing function]

So, u<——

N () P
4 2

Range of f (x) is [4 2)

() Doman of cos~(n) is [-1, 1]

Domain of cos™ (1-n) is [0, 2]

. Domain of cos™! (1—n) =2 cosInis [0, 1]

Y
Putn=0=cos1(1)-2cos10=0-n=-n=» 5

T

Putn=1= cos1(0)-2cos11= 5

0= =
T2

.. n=1issolution.
Since cos™1(1 - n) and 2cos™1(n) both are decreasing
function in (0, 1). So strictly decreasing function can

. . T
intersect a constart value (like E) at most once.

Hence only one solutionn =1

) tan|2tan™! 1l
-

=tan| tan—

=tan tan‘1§+tan‘11
i 4 7
3,1
—tan| tan 147 —tan[tan‘11]=1
.31
47

© o=tan?! (1) +tan~t (l) +tan (l) n
3 7 13

an (L |+ tan i
21 31

N \\



96.

97.
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General term

_tan Y Y |t =N
1+n(n+1) 1+n(n+1)

=tan~}(n + 1) —tan~In
. @=tan"1(2) —tan~1(1) + tan-13 —tan~1 2 + tan~1 4
—tan~13+tan~15-tan"14 + tan-16 - tan"15

=tanl6-tanl1= tan‘1E = tan‘15
6 7

. tan 6 = E

L tanf= .

© - sin~14/x? +X+1€[_g’ﬂ

. —1s\/x2+x+1s1:OSX2+x+1£1

Casel: x* +x+1>0, A=1% —4(1)(1) =-3

Since, the discriminant is negative and the coefficient

of x2 is positive than x2 + x + 1 is always positive for all
real x.

Casell: x> +x+1>1=> X(x+1)>0
= Xxe[-1,0]= A=[-10]

2
x2+x+1=(x+1) +§
2 4
12
—1£x£0:>0£(x+§) <

3 e

1
= —<| x+ +—<1 _< <
4( 2) 4 = X2+ x+1<1
ye{sin 133 ,sin l1}:>y E ﬂ:B

Now, AC ~B= [” “}

1
4

3 2

_ 1 L1002
(© f(x)—\/loge[xz_4x+4j+sm (x“-2)

For domain of J'Oge[

x2—4x+4j

= >1 = x?-4x+3<0
X2 —4x+4

xe[l,3]-{2} 0

For domain of sin~1(x2 - 2)
—1<x?-2<1=>1<x%<3

xe[—/3,-1]U[L /3] ...(ii)

98.

99.

100.

Domain of f (x) is intersection of (i) & (ii),

i.e., [1 /3]

@ cot (cos~tx) =sec| tan a9
ho? _ a2

alb

At

= cot (cos ™+ x) =sec| tan~*
a .
Let = =sina
b
= cot(cos1x) = sec a
— costx=cot }(seca)=cost {ﬂ]
V1+sec?a
b
_ seca._ +b’-a®> _ b
Vi+seca J b2 \2p? a2

1+ b2 o2

\/1—x2

() tan‘11+%cos‘1x2—tan [

1+
n 1 4 2 -1 N1+ x2 _
= —+-=C0S —tan | —=——|=0
4 2 N1- x2

1-—

V1+ X2

= % +%cos_l X2 —tan_l(l) - tan_l[

1-x2
1+ %2

1 _
2 _ Zcos 12
2

1 _ _
= cos 1%2 _tan 1[

= Leosx
2

Since, the equation simplifiesto 0= 0, itis true for all valid

value of x.

The valid domain for x is [- 1, 1].

Therefore, there are infinitely many solutions with this

domain.

@) 2cot1(x2+2x+k)=n-3tan1(x2+ 2x +K)

2cot™Lx (x2 + 2x + k) + 2 tan~1(x2 + 2x + k)

+tan 1 (x2+ 2x+k)=n

n+tanl(x2+2x+k)=n

tan~l (x2+ 2x+ k) =0

X2+ 2x+ k=0 has 2 distinct roots if D > 0

4-4k >0

(k-1)<0=ke(-x,1)
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ACCELERATOR

Topic-wise MCQs

(d) Given equation is

L i 1,
Cos| —+X| cos| ——x|==cos? 2, x e[-3m,
(3 ) (3 ) 2 X €[-3mr, 3n]

= 4(0052 (%) —sin? x) — cos? 2x

= 4(%—sin2 x) = c0s2 2x = 1 -4 sin2x = cos? 2x

1—cost}
2

L2
1-2 (1 -cos 2x) = cos? 2x {sm X=

Assume cos 2x = t
—1+2cos 2x = cos? 2x
= t2-2t+1=0=>(t-1)>%2=0=>t=1
Put the value of t.
Then, cos 2x = 1.
2X=2nn
= X=nm=>n=-3,-2,-1,0,1,2,3
Therefore, there are 7 solutions.

@ tan 9(1+\E tan 20) = J5 —tan 20
tan 0++/5 tan 20 tan 0 = /5 —tan 20
= tan30=+5

= 0=, % tana =5
3 3
Five solution

() sin © + cos 0 = 1. Dividing by 1% +1° =+/2,

1 1 1
—= sinO+ —= cos 0= =
V2 V2 V2

. 3 1 . L i
= sinff+—|=—==sin— =0+ —=nn+(-1)" —
( 4) 27 a 47Uy
S 0=nm+ (1T
4 4

(@) sin 66 + sin 40 +sin 20 = 0
= 25sin 40 cos 20 + sin 40 = 0
= sin406 (2cos 20 +1) =0
1 27

= 2c0s 20 = -1 = cos 20 = —§=cos ?

20 = 2n +E 0=n +E
= = T 3 = =Nt =x 3

. nm
andsm49:0:49:nn:9:7
e—ﬂ +£

= ornn_g.

2 \/§+Sin6
(c) V2 secHo+tanb6=1= _cose _cose_l

= sinB-cos®= 2
Dividing by /2 on both sides, we get

%sine—%cosez—l
1 (R _
Ecose—ﬁsme—l
= cos(0+%) = cos (0)

=

0+ = =onm+0=0=2nm—
= 4—nTC_ = —nTE—4-

(@ We have tan 56 = cot 26

— tan 50 = tan(%—Ze).._ { tan[%—@jzcote}

Y Y
= 59:nn+5—29 = 79:nn+5

LN
= YT T
tanA 3
a) Given, 3 tan (0 — 15) = tan (0 + 15). =—,
(@ (6-15) =tan (0 +15). - = =7

where A= 6 + 15°, B = 6 — 15°
On applying componendo and dividendo, we get
sinA sinB
tanA+tanB_3+1 COSA+COSB_
tanA-tanB 3-1 SinA sinB
cosA cosB

sin(A+B) ) .
sin(A_B) - 2 = sin 20 = 2 sin 30

n20=2. % =1=sinZ
= Sin = 2— = >

T nm T
= 29:nn+(—1)"5 :9:? +(—1)"Z-

®) sin*0+cos*H=-1

= (sin? 0+ cos? 0)? — 2sin?0-cos? 0 = —A

_ (sin20)*
2

—=1-2sin0c0s’0=-L =2 1

-1
=assin?20 €[0,1] =X e{—l, ?}
(b) Given: tan x +secx = 2 cos X

sin X 1
+

= =2C0S X
COSX COSX

= sinx+1=2c0s% x = 2 (1-sin?x)
= sinx+1=2-2sin?x

= 2sin2x+sinx-1=0

= 2sin?x +2sinx-sinx—-1=0
= 2sinx(sinx+1)-1(sinx+1)=0

N \\



10.

11.

12.

13.

MHT-CET-Mathematics

=(2sinx-1) (sinx+1)=0

sinx+1=0
. . 1 LT
2s5inXx-1=0 =sinXx=—=sin—
2 6

X =—

6
.. Only one value of x satisfy the given equation.
(d) Given equation is, cos 2x + a.sin x=2a.—7
1-2sin?x + a.sin x = 20— 7
2sin?x — a.sinx + (20.—8) =0

ot a2—8(2(x—8)

= sinx=
4

. _oat(a-8) . a—4

= smx-—4 = si x——2
[sin x =2 (rejected)]
. . a—4
equation has solution, then 57 € [-11]

= ae[2,6]
(@ Let, the functions s,

f(0)= 3cose+53ine-cos%—Ssin%cose

= 30039+5x§sin6—5x%cose

NG

= (3—E)cose+5x—sin9
2 2

53

= %cose+—sine

2
1 25 76
max f (0) = 1}Z+T><3 :\/;:\/E

@) We have |4sinx—-1]<+/5
—5<4sinx-1<+5

—($]<sinx < \/§4+1

(-7 . . (3m
sin| — | <sin X < sin| —
(55 ) <smx<sn( 55

= X e _ig_n
10’ 10

(d) cos76=cosO—sin40 = sin40=cos6—cos76
= sin40=2sin40sin30 =sin46(1-2sin30) =0

=

=

[ xe(-n n)]

-.sin406=0or sin39=1

14.

15.

16.

17.

= 40=nn or 30= nn+(—1)”%

= 9= o M0 &
4 3 18

(b) The given equation can be rewritten as

N 81/(1—|cos XD _ 82

[since, 1+ | cos X | + | cosX |2 +.....t0 oo isan infinite GP]

1 1
=2 = 1—|cosx|=E;

1
—_—= = |cosX|==
1-|cos x| 2

1
= cosx=i§, but x e (=, w)

27

X=t—, =
3

n

= 3 )
2

(a) Let 81" 9 = x , then equation is

x+ 2130 x?_30x+81=0
X

- 2
Xx=30r 27 =819 —30r 27

sin29=10r§:>sin9=il,i—3
4 4 2 2

n 2% 5n

for 0<0<m =" or —, = or —
0<fsmO="gors 50

() We havecos x +cos 2x +cos 3x =0
or (cos3x+Ccosx)+cos2x =0

or  2co0s2x.cos X +cos2x =0
or cos2x(2cosx+1)=0
We have, either cos2x =0 or 2cosx+1=0

If cos 2x =0, then 2x = (2m +1)g

or x=(2m+1)%, mel

If 2cosx+1=0, then cosx=—%=cosﬁ

= x=2nniz—3n, nel

Hence the required general solution are

X =(2m+1)§and X = Znni%, m,nel
0 165 % 416t-5in°x =10

. 16
If 165" =, then t + — =10=-10+16=0

N\
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18.

19.

20.

21.

. 2
= t=2,8 = 165" X =164 or 1634

: 1 3
35|nx=i5,i7
Nowsinle thenx=E n_£=5_n
’ 2" 2'7 6 6
sinxz—lthenx=n+£=7—n0r2n_5=ﬁ
2’ 6 6 6 6

Thus there will be four solutions corresponding to

1
sinx == 5 Similarly four solutions for sin x = +
Hence, there will be 8 solutions in all.
@ We have, 2sin?x+3sinx-2>0
= (2sinx-1)(sinx+2)>0
= 2sinx-1>0 [ sinx+2>0VxeR]
= sinx>1/2=xe(n/6, 5t/6)
Also, x> -x-2<0
= (X=-2)(x+D)<0=>-1<x<2

As 2<?,weobtalnthatxmustbellem 6’

() We have, 8tan2§=1+secx
8[1_COSX]=1+ 1 _1l+cosx
1+cosx cos X COS X

805 X — 8052 X = (1+ COS X)?
2

U

8cos X —8c0s? x =1+cos? X +2cos X

9c0s? X —6cosX +1=0

O

(3cosx—1)2 =0 = 3cosx -1=0

cosx=%=cow (say) = x=2nn+o

U

- X=2nm icosl[éj, where n e |

(o) Consider equation, 1 + sin*x = cos?3x
L.H.S.=1+sin*xand R.H.S. = cos?3x
~-LHS.>1andRH.S.<1=LHS.=RH.S.=1
sinx =0, and cos?3x = 1

= sinx=0and (4cos?x — 3)? cos?x = 1

= sinx=0andcos?x=1=x=0, +r, +27
Hence, total number of solutions is 5.

(d) sin 3x =cos 2x
= 3sinx—4sin3x=1-2sin2x
= 4sin3x-2sin2x-3sinx+1=0

S

22.

23.

24.

= sinx=1, —

2+25
8

In the interval (g n) ,sinx= _2+—2\/§

So, there is only one solution.

d ‘\/Zsin“ X +1800s2 X -/ 2c0s? x +18sin? x‘ =1

J2sin® x +18c0s? x —v/2cos? x+18sin? x =1
On squaring above egn, we get,
2(sin*(x) + cos*(x)) + 18(cos?(x) + sin?(x)) — 1

= 2(\/25in4 X +18¢0s2 x)(\/2cos4 X +18sin? x)

=19 4sin? (x)cos2 (x)

= 2(\/23in4(x) +18c0s? (X))(\/ZCOS4 (x) +18sin? (x))

Again squaring, we get
361 =144 (1-3sin?(x) cos?(x)) + 144 sin(x) cos?(x)
On solving, we get

inox= + ’E'Hn X—g n—0 27+6 3n-0
Sl X——254,€C€‘, 2,2, 2 , 2

n+0 2n—-0 3n+0 4n-0

T T

So total number of solutions = 8

() 2 sinda - 7sino + 7 sino— 2 = 0

= 2 sin%a (sino. — 1) — 5 sina (sina. — 1)
+2(sina-1)=0

= (sina-1) (2sin2a-5sina+2) =0

= sina-1=0o0r2sin2o-5sina+2=0

5+425-16 5+3
4 4

sina =1 orsin o =

a== or sin -12
2 =y

2n

3
There are three values of o between [0, 2]
() Given equation is e™ — e84 =0
Put eSI"X =t in the given equation, we get

1
Now, sina # 2 for, sin o = 5 = a= %

t2-4t—-1=0
4+16+4 4+20 4+
t= 2+ = ;/—=4_22\/§=2i\/g

eSiNX _ o4 /5 (- tzesinx)
. eSinX=2_\/§ and eSinX=2+\/§
= " -2_/5<0andsinx=In2+5)>1
So, rejected.

Hence, given equation has no solution.
The equation has no real roots.

N \\



25.

26.

27.
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1
(@ 4cos26.cos30= 056 = 4¢0s 6 cos 20 cos 30 = 1

0s0
= 2 ¢0s 20 [cos 30 + cos 20] = 1
= 205 20.c0s 40 +2c0s220=1
=205 20.cos 40 +cos40+1=1
= 0s 46 (2cos 26 +1) =0

=c0s40=0=46 = nn+£:>ezﬂ+ﬁ
2 4 8

"'e__i_i_i_i_i_i_’
88 8 8 8 8 8 8

or 2cos20+1=0 :>00529=_?1=COSZ—;c

—20=2m+ o oonn+
3 3

n 2n 4n 5w

.. Total =8 + 4 = 12 solutions.
(b) Giventhat0<x<3and0<y<3.

2
( sin x —sin x+%JZS‘*° Y=1

2
2
= (sinx—l) +1 256y =1
2 4

1P 1 \/I 1
SINX —— =2, —=—
2) a7 \Na 2

2
wsecty>1 =2%¢ Y >2
From (i) and (ii), then minimum value of

2
2
(sinx—1 +1 2%y isl.2=1
2 4 2

1Y 101 1
SINX—— | +—=—=SINX=—
2) "4 2 2

—x=T 5" [0,3]

6 6
and sec?y=1=secy==1
y=0€[0,3]ory=n¢ [0, 3]

.. Solutions are (E,O) and (S—ROJ
6 6
Two solutions.

(@ cosxv16sin® x =1=> 4cos X[sinx| =1

Casel: sinx>0 {i.e.,xe(0, )}

=
~

(i)

28.

29.

30.

31.

. 1 n 57
SIN2X===>X=—, —
2 12 12

Case ll:sinx<0{i.e, x e (x, 2m)}
_In 1ln

12" 12

Sum of solution -l+@+ﬁ+ﬁ—2n
um of solutions = 1=+ >+ -+

sin2x=—1:>x
2

(@ Given, sinx =_—3,cos x=—2
5 5

sin x < 0, cosx < 0 = x lies in the third quadrant

_1f |sinX] (3
.. Reference angle (o) = tan ~| —— |=tan ~| —
|cos x| 4
. Angle lies in the third quadrant. The general solution
isx=2nt+n+a
Hence, general solution satisfying both conditions is

X= n+tan‘1(%)+2nn,nez =(2n+1)n+tan_1%
(b) secxcos5x+1=0
_ c055x+cosx_0
~ cosx
cos 5x +cosx =0, cosx=0
2 cos 3xcos 2x =0
cos3x=0 or cos2x=0
T

x=(2n+1)g or x=(2n+1)%, x e [0, 2]

n 51 Tn . m _m 3t 5t 7n
"6 6’6 6or,_ 4 4 44

4 solution 4 solution
Total 8 solution are there.
(d) cosx+ cos 3x =sin x + sin 3x
2C0S 2X C0S X = 2 Sin2x €os X
2 cos X (cos 2x —sin 2x) =0
. 2n+)n
Case (i):cosx=0= X=%
Case (ii): cos 2x—sin 2x=0
tan2x=1= 2X=nn+£: X=E+E
4 2 8

General solution is x= (n_zn +g) u(@)

() Maximum value of sin 2xis 1,
Maximum value of cos 4x is 1
sin2x+cosdx<1+1=2
Equality holds onlyif sin 2x =1

T T
:>2x=5+2nn :>x=z+nn

N\ |\
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32.

33.

34.

and cos 4x = 1 :>4x=2mn:>x=mg

Y mr
LN =—
4 2

This equation has no solution for integer n, m such that

X € [-m, 7).
@ cosf+cos20—+/3(sin0+sin20)+1=0

:cose+200529—1—x/§
(sin®+2sinBcos0)+1=0

= €080 (1 + 2c0s0) — /3 sind (1 +2cosd) =0

1 1
=tanf=— cosf=-=
V3 and 2

=0=30° 210°and 8 =120°, 240°

= Number of solution = 4.

() 2sin?6 -3 cos? 0 =sind coso; O € (-, )
2sin? 6 — 3(1 —sin2 ©) = sin6 cos®
55sin20—3—sin6 cosd =0

Divide by cos20

5 tan20 —tan 6 — 3sec20 =0

= 2tan%0-tan0—-tan®—-3=0

Divide by cos?0

5tan0 —tan ® —3sec?0 =0 = 2tan?0—tan®—-3=0
Lettan 6 =X

y=32 JD J c

i
/

=312 s /
y=i-1 [A B (

3n/2

2x2-x-3=0
(x+1)(2x-3)=0

3
tanx=—1,tanx=§

So, there are 4 solution
(b) We have, tan?x + 3 cot?x = 2 sec?x

tan2x + =2(1+tan? x)

tan< x
=tan?x+ 2tan?x-3=0
Lety = tan?x
=Vy2+2y-3=0=(y+3)(y-1)=0
=y=-3ory=1

35.

36.

37.

=y=tan?x = -3, we have, tan?x = 1
ie.tanx=1ortanx=-1

5n
Fortanx=1=x=

N

_ 3n Tn
Fortanx=-1= R
There are 4 solutions for the given equation in the interval
[0, 2x].
(c) We have sin 5x (2 sinx sin 3x + cos 4x) =0
sin 5x (cos (x — 3x) —cos (x + 3x) + cos 4x) = 0
sin5xcos (2x)=0
. sin5x=0

nn

=5 =nt=Xx= 5
For x € (—=, ) possible value for n are
{-4,-3,-2,-1,0,1,2,3,4}
This gives 9 solutions :
—-4n -3n -2n -7 . m 2n 3n 4n

_i_ioi_i_i_i_
5 5 5 5 5

5 5

SetC0S 2X =0 =5 2X = - + N Zx= =+
elCcos ZX =U= X—2 :>X—4 2

For x e(-r, ) possible value for nare {~2,-1,0, 1}
—8r —n 1 3n
4 474" 4
Total number of distinct solutions 9 + 4 =13
(b) Number of solutions of the egn.
sin0 +2c0s20 - /3sin0cos@ =2; 6 € (-, )
Adding sin? 8 both sides
2sin%0 + 2 cos? 0 — /3sin0cosO =2 +sin’0
=2 (sin20 +c0s?0) = 2 +sin20 + /3sinOcosO

=0=5sin6(sin6+ +/3cos0)

This gives 4 solutions :

Case-1:sin6=0=6=0° (- 0 e (-n, )
Case-11: sin0++/3¢c0s0=0
2n —m (s 0 e(-m, )

=Stanb=—3 =20="5
3 3

Hence, a total of three solutions are there.

(€©) 1+cosx+cos>X +cos3X+....00= 4+24/3

S= ! =4+243
1—cos x
:1—cosx=4_§\@ =1—§ :cosx:?

:>X=2n7ti% :>x=(12nil)%

N \\
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39.

40.

41.

42,
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© 6-5c0sx+7sin?x —cosx =0

— V6 —5c0s X+ 7sin? X = Cos X
Squaring both sides

= 6 —5c0s X + 7 sin?x = cos?x
= 13-5c0sx—8cos’x =0

-13
= cos x =1 or —= (Not possible) 43.

So,cosx=1=x=2nmn

Now, check all the options

tanx+cotx=0+o#2

cot X+ cosecx=oo+o0#1

tanx+secx=0+1=1

SeC X+ CoseCX =1+ #2

(@ 3sin6=4cos6-1 = 9sin20 = 16c0s20 — 8cosH + 1
= 9(1-cos?0) = 16c0s20 — 8cosO + 1

= 2500520 —8c0sH -8 =0

8++/64+800 _ 8+12./6
50 50

coso =

_4+6\/6_2(3\/6+2)
25 25

2(3v6+2) (3V6-2) 4
" 25 3f6-2 3/6-2
) B=45°a=2(/3+1)

Area of AABC = 6+2+/3

%acsinB —6+23

c_B+2B3)x2_, &
2(J3+1)
s b2 =a2+c2-2accosB

= (2(v3+1)% +(24/6)% —2x (243 +1) x (2\/6) cos 45°

b2 =16+ 83 + 242483
b2=16=b=4

b_(3+1)?+2(2-1) _1+43++2
¢ (3+)?-2(2-1) 3+3-42

sinB _ 1+1.732+1.414 1

sinC  3+1.732+1.414
sinB _sin(97.5°)  0.9914

sin(150 - B)  sin(52.5°)  0.7933

=1.249.

() - cosc=cos120°=cos (180°-60°)

45.

®)

249

[Let B=97.5]

socfog]

= —c0s 60° = _?

. c2=aZ+bh2-2abcosc
19=a’+9+3a=a’+3a-10=0
=((@+5)(a-2)=0=a=2 (- a%-5)

-3t
© tanA_B= 1—cos(A—B)= 32 _ 1
2 \1+cos(A-B) \]1+31 37

32

A-B a-b__.c
- tan—— = ——cot—
2 a+b 2

1 5-4 ¢ c_3 J7
> ——=——C0t—=>cCcot—=—1= Z =2
3\/7 5+9 2 2 ﬁ :tanz 3

o

1-tan2% 1-
2 _

‘@\\l

cosc = 2= 1L
1+tan2S 141 8

[eREN]

Now, ¢2 = a2 + b2 — 2ab cosc

1
=25+16-40x 8 =36=cC=6.

() --ab,careinAP=2b=a+c

= 2sin B=sin A +sin C (By sine formula)
~ A+B+C=180° =B=180°-3C

2sin (180°-3C) =sin2C +sinC

2(3sin C—4sin3C)=2sin C.cos C +sin C
=8c0s2C-2¢c0osC-3=0 (s cos C#0)
(2cosC+1)(4cosC-3)=0

[+ A=2C]

3
= cosC=Z [ Cisacuteangle]

cosA =cos2C =2c032C—1=%

cos B = cos(180°—3C) =—c0s3C = %

. CosA:cosB:cosC=2:9:12

d --AB,CareinAP=2B=A+C
+A+B+C=180°=B=60°

Given thatrry=ryr,

_ _ _ A B _.C
(4Rsin A/2 . sin B/2 . sin C/2) 4Rcos?cos?smE

=| 4R siné-cosE'cosE 4R cosé-sin E.cosE
2 2 2 2 2 2

2C _ 052 S = tan?
2 2

=sin %=1:>C=90° and A =30°
a 10
. =— =
sin30°  sin90°
b 10
= =b=5/3
sin60° sin90°
Now, a2 + b? + ¢2 =25 + 75 + 100 = 200

a=>5

N\ |\
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46.

47,

48.

49.

50.

(b) We know that

A A
n=——andp=——
s—a s—cC

( 1 1 ) Ab
rj_+r3=A =
s—a s—-c) (s—a)s-—c)
2.5(s—-b)

ac

2(R+1R) _ 2-Ab L&
ac(l+cosB) (s—a)(s—c)ac 2s(s—b)
_4Ab_b

A2 A
b) Given,a=8,b=10,c=12
5= %:15

. A=4/15(15-8)(15-10)(15-12) =157
_A_15V7
T =7

S
abc 960 16

SOR=YN T a1sT T

tence. o7
ence, = =15
(d) Given,a=13,b=8,c=7

b? +c? —a?

1+c0sB =2c0s? B =

Now,

We know, cos A =

1
So,cos(B+C)=cos(n—A)=—cosA=§
A A A
We know, 1 = 6= =
® 17s-a"? " s-b'3 s—c
Given, (ry—rg) (ry=ry)=2r,r3=0

= (ry=r3)(ry=ry)=2r,rg

:Az[l_lj[l_lj
(S-a) (S-c))l(S-a) (S-h)

2A°

_ (a-c)(a-h) 5
(S-b)(S-c) (S-a)?
:4(a—c)(a—b)=2
(b+c—a)?

=2(a-c)(a-b)=(b+c-a)?
= 2a?-2ab- 2ac + 2bc = a2+ b2 + ¢2 + 2bc — 2ab — 2ac
=a?-b?-c2=0 = a?-b2=c?
() a:b:c=4:5:6=>a=4k,b=5k,c=6k
b2 +c? - a2 +3(a2+b2—cz)
2bc 2ab
a? +c? -b?

cosA+3cosC
cosB

Sl

52.

53.

ab? +ac? —a® +3ac +3ch? — 3c3
- b(a? +c2 —b?)
_ K3(100+144—64 +3x 96+ 3x6x 25— 3x 216
- k3 (5% (16 + 36 — 25)
2444288+ 450712 270
- “Bx27

5x 27
@ a=6,b=8,c=10
5 A
2r2r3= XS—bXS—Cz ZXS(S—a)
m A A (s=b)(s-c)
S S—a

_2x(a+b+c)x(-a+b+c) 2x24x12

18
(@a-b+c)x(a+b—c) 8x4
L2 gy
TCfl
2ac
() Giventhata,b,careinH.P. :>b=a
We know that
2A bc | 2B ca
coseC"—=———;C005¢C" —=—————
2 (s-b)(s-c) 2 (s—a)(s—c)
and cosec? S @
2 (s—a)(s—-b)
Now,
2 A 2 C bc ab
€0Sec” — +cosec’ — = +
2 2 (s=b)(s—c) (s—a)(s—h)

_be(s—a)+ab(s—c)  b[s(a+c)-2ac]
~ (s—a)(s—b)(s-c) (s—a)(s—b)(s-c)
_b[s(a+c)-b(a+c)]  b(a+c)(s—b)
 (s-a)(s—b)(s—c) (s-a)(s-b)(s-c)

2ac 2B
=—————=2c0sec” —
(s—a)(s—c) 2

A B .
COSGCZE, COSGC2 E, COSGng arein A.P.

1 1 1 a+b+c

@ “pTbeta anc

.0)

L a+b+c
We know semi perimeter s =

AreaA=rs

(i)

So, a+b+c=25=zTA

and Area A= Z—t;’ — abc = A4R (i)

By using eq (i), (ii) and (iii), we get
2A

athb+c r 1 1

abc  4AR 2rR 30

[ r=3 R=5]

\VE



54.

55.

56.
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(c) Given AABC,
.. A+B+C=180°=(120°+B) +B+C=180°
[A-B=120° (given)]

B=30°_ °
=BT
:>A=B+120°=30°—%+120°=150°—%

We know r = 4R sin ésinEsinE
2 2
R . C). C)y. C
— =4Rsin| 75°—— [sin| 15°—— [sin— - R=
S P (P Y P

= i = 00360"—003(90"—9) sing
16 2 2

1 1.C .,C
—=—SIN—-SIN" —
16 2 2 2

—165in2C —8sinC+1-0 = sinS =X = cosc =~
2 2 2 4

. 1+cosC

o =15
1-cosC
r, _ [s=o)s-a)
@ Y\ “\ s(s-b)

_\/ (s—c)z(s—a)2 _(s—c)(s—a)
“\'s(s—a)(s-h)(s—c) A

A Ab
—+ =
—a s—-c (s—c)(s—-a)

Now, nf +I3 =
S

b _(s—c)s-a) _[rn
n+n A EY0]

=

A 13
k) a=2,c=5,sin >~ 2\5

Az1_p 2337
CSA=1=2-765 40
- a2=b2+c2+ 2bc cosA

37 21
=4=ph2+25+2h.5. 4—0:>b=4,7 (Invalid)

=b=4
_atb+c 11
2 2

Area= +[s(s—a)(s—b)(s—¢C) =,/ === .= _1 a

57.

58.

59.

60.

j_atbtc Sbib

© > 5 3b
A C s(s—a) s(s-¢c) s

ot 0ty = \/(s—b)(s—c) '\/(s—a)(s—b) ~s-b

_ 3% _3

“3-b 2

@ r=3r,=4,r;=6

= A=3(s-a),A=4(s-b), A=6(s-cC)
Now, 3 (s—a)=4(s—b)=>s=4b-3a
and4(s-b)=6(s-c)=>s=3c-2b
So,4b-3a=3c-2b=2b=a+c

S=a+b+c_@
2 2

A

A
i 2 - _
Since A“=r r{r,ry = 5'3'_s—b'

3bb
=5(-b)=36= ——=36=b=2J6

2 2
(@ Letthe length of 3 sides AABC bep, q,r.
p+tg=Xx
pg=y
r=c
x2-c2=y

(p+q)2-c?=pq

p?+ g2 +2pq—-c?=pq
p>+ 02 - c?=~pg
Using Cosine rule

02 +q% - c?

cos C =
2pq

_ —Pg =—_1 27
COSC——zpq 2 = 3

c
Circumradius 2R=—-—+
sinC

c c
Rz ———=

2xsin(g) E

© A =45 b=6units N
We know,

(B) A b = 6 units
an| = |=
2) s(s—h)

B a C
a5
4 s(s—b)

(- b=6units)

s(s-6)=16; 5 = 2FP*C
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1
(a+t2)+c)(a+t23+c_6)=16 :>cosB=§orAB=60°
(a+b+6)(a+b-6)=64 Hence, ~C or Z/ACB =180° - (30 +60) =90°
(a+b)2=100 _
a+b =100 64. (b) Weknow, P= (side)
c=6
Possible length ofa, b, care3,7,6 0r7,3,6 1 1 1 2
So, smallest side is of length 3 units. So, _2+_+_2=4A2 (a® +b® +c?)
61. () r;=2r,=3r, Pt P2 P3
We know, _ 25+36+16 44
A A A © (15(15 \(15 _)(15 " 225
R = Ty = Ty = DD P 5|
Ps-al? b’ s 4[2(2 4)(2 5)(2 GD
A 2A 3A . .
sasb s K 65. (b) Given,A B,CareinAP,2B=A+C
s—az 2= () A+B+C=n=B= =
- k aas 3
A law of cosines, b2 = a2 + ¢2— 2ac cos B
(A= L be a constant) .
2A . =b2=a?+c2-2ac (E)
s-b= e =2 (D)
3A =b2=a%+c%ac
—b=— =33 ..(iii) A-C
k i fa2 2 _JJp2(atc) _a+c
Adding (i), ii) and (iii) e macHe 'Cos( 2 ) \/;( ZbJ_ 2
3B-(a+tb+c)=A+20+30
35-25= 60 (~a+b+c=2s) . _ Sin—l( x-1 )is
S= 6 66. (d) Domain of f(x) = %13
From (i), (ii)
a=5k,b=4x 2X+3#0 & X # — and =D
a:b=5:4 2 2x+3|
3+5+7 15
62. () Semi perimeter s= —— — =" Ix-1<[2x +3
For [2x +3 =[x -1
A= [s(s—a)(s—b)(s—c
\/( Je—b)s—0 On solving for x
20 2 2 2 X € (—o0,~4]uU —§,oo
153 5
Tog oa=—4&pB=—=120p=32
cotA+cotB+cotC 3
— 2_
_a+b?+c® _(9+25+49) 83 67. () sin_1(3x 22)+|oge[3’2<ﬂ]
4A 4x15./3 1543 2x-19 ~3x-10
63. (@ c?—a?=b(3c—b) e H=2
2x-19
2,02 .2
2 2 2 c“+b“—-a \/§ _ 3x—22
=c?-a?=3c-b? > —— ="~ 3x-22 and 227%% _1<0
2bc TR VT R
:cosA=£or4A=30° — X411 and <0
2 2%_19 2x 19
b2—aZ=c(c-a)=b?-a? =c?-ac
41 19 and x 3E
:C2+a2—b2=1 Xe _OO’EU 5 € >
2ac 2

\\\_\\
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:xe[&ﬂ} (i) a=6p=3y=2
> a+B+y=11
3x2 —8x+5
and, =—————=>0 . 2x+3 2x -1
’ : —2"° _>0and-1< <1
%2 —3x—10 70. (b) For domain of 2 13 >0 and 2
(3x-5)(x~1)
> 2x+3 3x+1 x-3
X—5)(x -2 >0, >0& <0
(=92 (4x =3)(x+1) X +2 X +2
5 ..
= X e (-, —2)u[1, g}u(S, ) ..(i) _ ey
Taking intersection from (i) and (ii) Y g _'1 3 .
2
XG(S, ﬂ:|
5 -3
X E(—a — 1]U(3,00) (I)
= 30+10p =15+82=97. 2
+ — +
68. (b) cos‘lx—(z—cos‘1 y) =a : :
2 w2 _1 -
- 3
COS_1X+COS_1y=E+0L 1
X e (—00, —2) U|:——,OO) (")
I I 3n 3
age|—,n|,—+ae|0,—
272 2 L
-0 =2 -3 o0
COS_l(Xy—\/l—Xzyll—y2)=%+a
Taking cos on both sides. xe(=2,3] .. (i)
From (i), (ii) & (iii)
xy —V1—-x2\1-y? = —sino 5
(xy+sino)?=(1-x) (1-y?) XG(Z’B}
x2y2 + 2xy sino. + sin%o. = 1 - x2 — y2 + x?y?
X2 +y2+2xy sin o.= 1-sin2q L3 B=3
X2 +y2 + 2xy sin o = cos? o 4
= 5f-40=15-3=12
Min. value of cos?0. =0 at o =g 71, (c) We know,
69. (c) Thegiven function is defined if sin~1x e [__’T E} costxe[0,n] = tan‘lx€(__7t Ej
2'2] ’ 22
2-|x| ‘2_|X|
-1<|—2<1 = |—=(<1 (n - Tc
in~1(- =sinl| -sin|=-2||=-| =-2|=2-=
4 4 sin~1(—cos 2) = sin [ (2 D (2 ) ;
= -4<2-|x <4 = -2<|x <6
T - T
= x <[, 6] .0)
cos(sin 3) = cos™1 [cos(g—sn
Now, 3—x =1
and x#2 -..(ii) =cosl[cos(3—gn= —g {3—%1.42926[0,7&}
and 3-x>0=>x<3
_ _ _ T
From (i), (ii) and (iii) tan~! (cot 5) = tan~1 [tan (E—SD

= xe[-6,3)-{2}

N\ |\
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T —T T
{g—&f(? EH Sowe add = to 5—5

ie. T 54n="_5x~_0, 2876e(—n Ej
2 2 22

- tan™1 (cot 5) = tan~! [tan (%ﬂ - SD = %ﬂ -5

. sin"1 (=cos 2) + cos™! (sin 3) + tan~1 (cot 5)

—2 T3 T 3T g T
2 2 2
2 [ x2 )
72. (o) Since, 0<—=— <1 :>ossin4L X 2J<£
1+ x 1+x 2

(
:>0£4sin‘1L

2
X J <27 = Range of f(x) = [0, 2n)
1+ X2

73. (@ Givenequationis

sin? (sm )+ cos™ (cos—j +tant (tan %nj
il
3

sinlsln j—n— =

I
3

cos 1(003 j op_ 1T _5m
6 6
tan 1[tan J—tan‘l( 1) =tan~ (tan(—%nz——

=sint (sin ﬁ) +cost (cosﬁj + tan‘l(tan %j
3 6 4

_T 5_TE_£ 4An+10n -3¢ 1175

3 6 4 12 12

6 +2log, x 1

74 (o) 22X S 0g x> 08x% -

-bx 3

4

isal (O 1 ) .
isgivesx e | Yo ()
Forsinlx,x e [-1,1]
6+2|093Xj 6+2log,x 1
_ — =829 — =80 <
15Iog3x( oy <1;3x< Tox S ax
I
5
15x2+6 +2logy x>0 6+2log3x + 2 >0
1
Ol_ . ii
c ( 27) ®
_23
Xx>3 6 (1)

from (i), (ii) & (iii)

76.

_23
xel|3 6,i
27

.. a.is small positive quantity.
1
&pB= 57

2 5 _23 1
of+ g =(370) +5><27=135+3—%3

5
a2+ 7 isjust greater than 135.

p
@ f(x)=

1 2X
5x+3

Sec

2X
5x+3
= (2x)°-(65x+3)2>0

= (7x+3)(-3x-3)=0
- + + -

>1= |2x| 2|5x+3|

= [3a+10(B+7y)+219|

- ool (s

2
3X+1)(2x+1
0 6x°+5x+1_ (3x+1)( )>O
2x -1 2x -1
R D T B
1 I 1
11 1
2 3 2
xel 222 0(L e -
2 ’ 3 2, (I)
and -1 2X —3x+4Sl
[ 3XII_5 |
2 2
2X 1>0 and 2X —6x+9SO
3x-5 3x-5
B R and 3x-5<0
211 5
V2o 2 3

N \\
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77.

78.

79.

80.

81.

MHT-CET-Mathematics

-1 1 5
SXE{—Z’—Z}U(;"O] ...(ii)
...(iii)
-11 11
(i)m(ii)m(iii)z(?,é)U(E,E}
SO18(0(2+B2+y2+82)=18(i+;+1+;) 20
b) WehaveO0<x<1.

1-x 1-x2
2tant| —= |=cos™
Now, [1+x) (1+x2]

T
Letx= tano, 96(0, z)

So, 2tan™* [tan (% - OD = cos " (cos 26)

2/ E_g|=20=40=-C=0=-L
4 2 8

X:tang L x=+2-1=0.414
) tan! 1+3 +sect 8+4y3
3+43 6+3V3

L[ 1443 \+Sec_1( 2243
\VBa+v3)) L@(x/hﬁ)J

o) 57) 5

© 9 sin1 X2 —3x +2
X) = —_—
X2 +2X+7

Now, Take domain of sin—1

2_
g X2

X2 42X +7

X2 —3X+2
X% +2x+7
2X2-x+9>0=>x eRand5x>-5=>x>-1
Hence, Domain x € [-1, ).

2
X —4x+2
O |———

<1 = (x*-4x+2)% < (x*+3)?

x% +3
:>(x2—4x+2)2—(x2+3)2 <0

:>(2x2—4x+5)(—4x—1)£0 =-4x-1<0 :xz%l

(c) Given functionsis

f(x)=sin” [2x —3]+Iogz Iogl(x —5x+5)

82.

83.

84.

—1<[2x2-3]<1 = -1<2x2-3<2

2 2 5
— 2<2x*<5 = 1<x <E

e -El o] r

Similarly, x2-5x+5>0

[

and, log; (x?~5x+5) >0 = x2-5x+5<1
2

= x2-5x+4<0 = xe(1,4)

by equation (i), (ii) & (iii) we get

5-+/5
(LTJ

Zsinl(zl)
@ —1<— -1y

T

..(iii)

— —m/2<sin™? 4X21_1 <n/2

<1

On solving inequalities we get; —1<

~2hg

) Let tan‘lg =0=tano =%

4x% -1

Ju {0}

= cos‘l(icose +Zgin 9) 4
10

(3&3&) 1
105 55 B3 C

_1(9 8) _1(25j _1(1) n
=CO0S —+— | =CO0S — | =C0S ==
50 25 50 2) 3
(d) Given function domain is [-1, 1].

2
—1Smﬁl

2
X< -9
Take maximum value and subtract 1 both sides.
X2 _5x+6
X2 — 9

x e (=3, 0)— {3} ()

Take minimum value and add 1 both sides.

. +1>0 2x +1
X< -9 X+3

-1<0,

! >0,x=3
3

X2 _5x+6
T >0,Xx#3

xe(-o, a)u —1 oo (3} (i)

N\ |\
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85.

86.

87.

Now, take the intersection of two equations (i) and (ii)

xa[—%,wj—{B}
Now;, take X2 —3x +2>0, X € (—o0, 1) U (2, )

3+5
2

Take intersection of all the solutions.

[_1,1)U(2,00)_{3+\/§’ﬂ}
2

-3X+2#1,x#

2 2

Note: 3 is not in the domain.
(b) Givenrelationis(x*1)*1=x*(1*1)
Applyx*y=x2+y3 = (x2+ 1) *1=x*(2)
(x2+1)2+1=x2+8=x*+x2-6=0
> X2+3)(x2-2)=0=>x2=2=x4=4
(x4 +x2-2)
Take, 2 sin~! LLXZ
xt+x%+2
Put the value of x2 and x* in the given function

1
= 2sin™1 (E) =

x-1 x-1
-1<—<1=——<1
© X+1 X+1

wl|a

2
—7 =20 -1, N (
=1 =X e(-1L») (i)

and z—: > —1:>X2—J):1 >0= X (-0, —1)u[0, oo) ..(ii)
from (i) and (ii) x e[O, oo) ..(iii)

2 2
Now, _1S3x +x—1£1:3x +X_1s1

(x-1)? (x-1)2
2 —
:>2x +3x2 2SO
(x-1)
(2x -

D(x+2) 1
W_Oz X e|:—2,5:| (iv)

2
and 3x +x2 12_1:
(x-1)

1
= X &(—0,0] u[z,oo) (V)

x(4x — 1)
(x-1%

from (iv) and (v); x e[-2,0]U {1 1} (i)

4'2

from (iii) and (vi); x e{O}uE,ﬂ
(@ 0<x2-x+1<1
=x2-x<0 = x<[0,1] (i)

Also, 0 < sint (Ej <I
2 2

88.

89.

90.

2X —

1
=0< <1l = 0<2x-1<2

1 3
=1<2x<3 = E<XSE (D))

From (i) and (ii), we get

1
xe(?l}:a:l,ﬁ:l S0, a+p =

_N_

a Let—sm
@ Let

1
or C0S4q = [-.- cosq=+1-sin’q]

= 2c0s? 29—1:%

/63

= sin4q=—
=0 = q 8

[-. cos2q = 2cos? q—1]

= cos? 29=g :coszezg
16 4

—200520-1=2 = cos20 =~ :cose=ﬂ
4 8 22
_ 1
\tanq—ﬁ [-sing=+sec?q—1]

@ 2sin"'x+3cos x= 2—5n

[ 2(sin " x+cos™1x) = 2 xg = n}

-1 27
= T+CO0S X=?

-1 -3n
= Cos X=? ( COS_]'XE[O,Tt])
Not possible
(b) Giventhat, cot 13+cot 4+ cot 5+ cottn=—
:tan_1l+tan_1l+tan‘11+tan_ll=E
3 4 5 n 4
{cot‘1 x = tan* 1}
X
= tan~ ( )+tan —=E
4
= tan~ ( )+tan 1—=E
4
= tan~ l—tan 11 tan™ E
n 4
B 1
a4l 24 | _ -1 24
= tan - =tan —3 tan 47
1+— —
24 24
StantI=tan 1~ = n=47

N \\
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9. (@ Letsinla=A sin1p=B,sin"ly=C

A+B+C=n :sin‘1%=tan‘1%=sin‘1%:%:%:azs
Given (a+B+7) (a+ B -y)=3afp
(a+PB)>—y?=3ap Now, sin~*(sin8) + cos* (cos8)
2.2 a2
o +pTri=op —3r-8+8-2n=7
ol +B% —y2 1 95. g:) aBX %lvenaco_ndltl_og N
T 20p 2 2~ 1— 378 T 8020 ~ 82021 =
[-- A, B, C arethe sides of triangle, so . L 1) Lg) Fo
1+ aid, 1+ dody
cosC—a2+B2_y2 a aop )
20 ] +tan~t LMJ
1+a202182022
1 1
= c0sC=—,sinC=y, cosC= 1—y2 =— [tan‘l a, —tan? al] + [tan‘l ag —tan‘laz] o
2 2
-1 -1
B \/§ |:tan aspo2 — tan a2021i|
2 Sinem 2.2 5020 2
= =a, =
92. () a=sinl(sin5)=5-2n 2022 1
and b = cos™ (cos 5) = 2n - 5 — tan(2022) - tan 1= tan "+ 2022~ (option c)
a2+ b2 = (5-2m)2 + (2n—5)2 . . 4 _
~812 — 407 + 50 96. (d) Givenaequation log,, cotx +4logg,, tan x =1

Incosx —Insinx Insinx —Incosx
; -1 -1 2 = +4 =

93. (c) Givecos(2x)-2cos V1-x° =n Incosx Insinx

= (In'sinx)2 - 4(In sin x)(In cos x) + 4(In cos x)2 =1

=Insinx=21Incos x

cosH(2x)—cos 1 (21-x%) -1 ==

cos1(2x) - cos L(1-2x2) = = Insinx=In(1-sinx)
—cos ™ (1-2x?) = t—cos ™ (2x) = sin2x+sinx—1=0=>sinx = ‘1;\6
Taking cos both sides we get So, 0+ p=4
cos(—cos(1—2x?)) = cos(n —cos 2 (2x)) 97. (a) Casel:x>0
(1
1-2x2=-2x=2x2-2x-1=0 We know that tan~* (;) = cot~1x.
. 1++/3 1 402X m
Onsolving, x = Then, tan +tant ——=—
g 2 1-x2 1-x2 3
1+f X=2-43
Asx=[-1/2, 1/2],x = rejected Casell: x<0
(1
13 Then, cot~1(x) = tan 1(;) +T,
Sox="——= x%-1=-3/2
2 12X 12X I
tan >t tan 1 + = E
1-x - X
=2sin1(x2-1) = 2sin™* [__\EJ _2n 1
2 3 = ﬁ =>a=2
. a4 .13
94. (@) Since, cos zoen g 98. (b) Cos(sinT'x)= cos(cos‘l \/1—x2)= V1-x?
1m_3
:>sin_lg = tan‘lﬂ—tan‘lé =tant 36 _4 cot(tan’1 Vi- X2 j = cot cotl[ ! J = !
17 36 4 L, 173 V12 ) 1%
36 4 ( 1) /—1 ox
= cosLsin J
\/1 X2 \/1 G

N\ |\
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99.

===k 1-2x2=K2 (1-x?)

k2 -1
k? -2
-~ solution of x2 - bx — 5 = 0 with roots

k2 -1 k2 -1
i+iandg So a? = B2 = 22

o? [32 B

= (K2-2)x2=K2_1; X? =

Q
=|Q

Product of roots = i2+i2 Y_ 5
a” P

2
_ 20°-2)

5 2k?-4=5k2-5
k-1

D=-5=

1
:3k2 =1l= k2 =§ Putin (|)

2 _
:>b=—2(k 2)—1=5—1=4:>£2=

~12
k2 -1 k

Wik~

(b) Given expression

tan| 2tan 11 ysec Y2 4 2tan-1
5 2 8

SCERCRRO

1.1
—tan| 2tan~t 8 5 _1£
1
Let sec‘1§= 0, Then, tan @ =5 = e=tan‘1%

11 11
tan| 2tan l—+tan —
So, ( 3 2)

1

= tan| tan™ +tan—

©|o|w| N
N |-

7+7
_ 11 4 2 -1 _
= tan| tan il tan(tan (2))—2
1-—x=
4
- -1
sin""x cos "X
; = =k
100. (b) Given o 5

sintx=koandcostx=kp = k=

sin[ 2ma ] = sin(4sin‘1x)
oa+p

= 2sin (2sin~ x) cos (2sin1 x) = 4x1-x? (1— 2x2)

2(0L+[3)

PREVIOUS YEARS MCQs

w

b?+c’-a® 2 82 +c2-7?
COSA=——— - -
) 2bc = 3 2x8xC
c= —9 C05C—M—z
CoTY= 2x7x8 7

49 cos3C +42
=49(4 cos® C -3 cosC) + 42
[ cos 3x = 4 cos3x — 3cosx]

$ 32

=49 4g —3z +42 =—

7 7 7
m+n=32+7=39
(@ cos2x+asinx=2a-7
=1-2sin®+asinx=2a-7
a(sinx—2)=2(sinx—2) (sinx +2)
sinx # 2thena=2(sinx+2)and —1<sinx<1
= ac[26] =p=2 q=6
r =tan 9° + cot 9° —tan 27° —cot 27°

1 1 { 4 4 }
M= §ing0.cos9®  sin27°.c0s270 ~ 2 J5-1 5+1

-+ sin18° = 54_1 ,sin32° = %}

r=4=p.q.r=2x6x4=48.
(b) 4+5tand=seco
Squaring: 24 tan26 + 40 tan® + 15 =0

N \\
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1044/ 10++/10
tan 0= M and tan0 = ‘( 12 J
12
o tanf= 1010
12

4. () Giventhat
A = c0s22x — 2 sin*x — 2c0sx
= (2 cos2x — 1)2 - 2(1 — cos? x)2 — 2c0s?x

= 400s*x — 4c0s2x + 1 — 2(1 — 2c0sx + cos?x) — 2c0s2x

= 2c0s%x — 2c0s2x + 1 -2

= 2[0054 X — c0s? X —ﬂ

oon-3 -]

1 3 2
xmaxzZ[Z—ﬂ=2x(—zj=—l(when cosx=1)
3 3 1
Moy = 2{0—2}—5 (when coszx—z =0)
3
So, Range= [—?—1}

5. (c) We have f (x) = sin" (x—/x)

w4

. Range of f (x) is {sin1 (_Ilj,sinll}

_|-sin 11T
4 2

6. () sin (tan‘1%+ tan‘1%+ tan‘lé —tan~! 1)

7
=sin (tan‘lf+tan‘llj+(tan‘lf—tan‘llj
5 9 3 7
4 1 4 1
e |59 |, 387
=sin| tan 11 +tan 11
1-—= 1+—-=
59 37

=sin tan1(36+5j+tanl(28_3j
I 45-4 21+ 4
= sin(tan‘lﬂ+ tant é)
41

—sm[tan‘1(1)+tan_l(1)] —sm n sm—=1

@ cos_l(1 +sin_1(1)+tan‘1i
2 3
T m T 6mn
= +t—+—=—=T7
3 2 6 6
(@ Let tan™ (3) +tant (—j _T
X X 2
1 x| §+g
t X X 1== =tan—
= an 1_a7b > = 1_ib 5
X2 X2
= 1—a—2—02x2—ab:x Jab
X

(@ Let cosec [_—Zj 0

V3
03 - § o ()
= cosec —\/§ = —cosec 3 = cosec

3
- 0=Ze ZX|-o

. -2). (—-n
Principal value of cosec™! (—) |s(—)
NG 3

(d) We have, sin (sin'1%+cos'1xj =1

.11 _ .
— sin 1g+cos Ty =sin1(1)

.11 o g b
Sin —+—-=SINn X=—
= 5 2 2

.11
= sin 1g—sm 1x=0

sin_ll—sin_lx x=sin(sin‘1l) x—1
= 5 = 5/ =775

o ol Sl 5]

1
(c) Given, cos(2 sin~1x) = 5
Assume sin~1 x = 0;

1
€0s(20) = 9 sin@ = ig

2

asm and n are co-prime natural numbers, x = 3

m
i.e.m=2,n=3(on comparing with x = F)
So, the quadratic equation becomes 2x2 —3x + 1 =0, whose

1
rootsarea=1,p3= E

Iles onb5x+8y=9

\\_\\
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13. ) tan_1x+tan‘12x=E;x>0 = 2sin4xcos2x—-sin4x =0
4 . nn
tan*1X+2X x X 42X . Sindx=0= 4x=nt = x=7
1-22 4 T 152 1
= 2X2+3X_1=0 2C052X_1=0:COSZX=E
—3+4/9+8 —3+17 = 2x=2nn+ > or x=nnt X
8 8
2_ g2
_ 3417 17. (c) Letx —00529:>OSZO<2 (- x°>0)
Only possible x =————
The expression = tan ™ J2c050+/2sino
14. () Given,f(x) = In(4x2+ 11x + 6) +sin~t (4x + 3) P = 2050 72sin0
_1(10x+6
+C0s 1( ) o el LA L S =£+ECOS_1(X2)
3 1-tan6) 4 4 2
W)
Now, (1) 4x+ 11x+6> 0= (4x +3) (x +2) >0 18. (@ cos[Zcos’1 x+sin L x}
3
X e(_w’_z)u(_}w) =c0s [cos’1 X-+C0s T X+sin ! x}
(iax+3 -1 =xe -1, -172] =cos [cos’1 x+n/2} =—sincos ™t
(i) 240 (]
3 ’ — _sinsintV1-x? = J1-x2
e[_ﬂ _i} B 1 24 2J6
10" 10 ) s TS
3 1
Xe|l-——,—— =——pB=-= ; 1 i 1
e[ 4 2} So, @ 4’B 2 19. ) - smxcosx=Z:>23|nxcosx =5

oc+[3=—E:36|oc+[3|=45 1 i
4 :>sin2x=§:> 2x=nn+(—1)”g,nel.

15. (a) [cos%—Zsin xjsin X +(1+sin§—2005x) cosx =0

b
Forn=0, Xx=—.
. X X . 12
2 2
= smxcosz+cosxsmz +cosx—2(sm X +CO0S )=0

5n
Forn=1, X=——.
= sin(x+§j +cosx—2(1)=0:sin57:+cosx =2 12
5X : (0 E)
N sin7=cosx=1 . X hasonly 2 values in D)
. 5x 5x n 8nt 2n 20. (b) cosb= \/2 has no solution, since value of cos 0 lies
- Sin—=1l=—=2N1t+— = X=——+— )
4 4 2 5 5 in[-1, 1]

21. () sinx+sin3x+sin5x=0
sin5x +sin x +sin 3x=0
_4n+1 2sin 3x.cos 2x +sin 3x =0
B ~.sin3x[2cos2x +1]=0
s.sin3x=00r2cos2x+1=0
=sin3x=sinnn

& cosx=1= x=2mn

8n 2
Thus we have ?n+?n=2mn =m

.. n e |, s0ommust be of the form m = 5k+1
Hence the solution of the equation is x = 2(5k +1) =, k € |
nn
16. (@ sin2x-sin4x+sin6x=0 =3=nm = X=r
= (sin2x+sin6x)—sin4x =0 also 2¢cos2x = —1
= €0s2x=-1/2 = cos2x =-cosn/3

N \\
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c0s 2 = cos(n—/3) - ﬂzl[--sinx;&O]
SIn X .

21 2n
_ - fidd r
= COSZX—COS—3 = 2X=2nn+ 3 — cotx=1 = X=

4
nm n ; —in* T
X=—, xznnig Hence, sin x + cos x = sin 4 + cos 7
1.1
XG[E,B—n}gives B ‘/§+ ‘/E_\/E
2 2
tant (\/é ) —sec7}(-2)
(q 2 g AT 24. () 1
“hy Sy cosec‘l(—ﬁ)mos‘l(—z)

22. () Wehave, tan26=1.
tan‘l(\@)— (rc —sec‘l(Z))

i —cosec™t (\/5) +m—cos ™t (;J

= tan29=tan% =20=nn +%.

n T

= 9=En+§. n_(n_n) n K
Also, the value of tan 26 is positive. So, 6 lies in 1st and _3 3) 3 -_3__
3rd quadrants. _m _n 12n-3n-4n  5Sn 5
9 3 12 12
8 8 =sSIin2X=-Cc0s2X =>tan2x=-1

23. (b) Here, 2 tan™! (cos x) = tan™! (2cosec x)

['.'n<x<2n:>2n<2x<4n]
| _2cosx —tan‘l( 2 )
= tan~ sin x

1-cos® x = 2x=2n+37n,2n+(37n+2)
2cosx 2 cosx 1
1-cos?x sinx  sinZx  sinx o oy lm 1om_  1ln 1om

i:i
8 4 8 8
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Pair of Straight Lines

WARM-UP

Topic-wise MCQs

(d) Coefficient of x2 + Coefficient of y2
=cos20-1+sin20=1-1=0

So, lines are perpendicular i.e., =g

() m;+m ——2—:> 4m __ah =m __2h
andm, -m az:3m az =h= 2b

. 2_ — 4

1" My= b2 [

[2
(a) tan @ =‘M =p?-1=secH=p

a+
(b) a+2hm; +bmf =0 ()]
a;+2h; my+b, m3=0 [ my :_milj
= aymZ-2hym; +b; =0 (i)
_ 1 _o-mp mlz

2ha; +2hb aa; —bb; —2hja—2hb,

= (bb, —aa,)? + 4(h,a+ b;h) (ha, + h;b) =0

(d) Equation of pair of lines through origin and
perpendicular to ax? + 2hxy + by? = 0 is

bx2 — 2hxy + ay? = 0.

(c) Thelines represented by two pairs are equally inclined.

r r
(@) Put [1+f’ 2+$] in x2 + 4xy + y2= 0, we get
3r2 +9/2r +13=0 for which product of the roots is
13/3.
(b) x*-
(a)

(©)

5Xy + 6y2 =0 = X2 —2xy — 3xy + 6y2 = 0

. (a) The given equation is

x2(tan 0+ cos? 0) — 2xy tan0+y?sin0=0 (i)
Let the equation (i) represent two straight lines y = m;x
and y = m,x where m, and m, are their slopes since
(i) represents two stralg]ht lines passmg through origin.

2 tan0 2
Hence m; +m, = =— and
sin2@ sinO cos@

tan?6+cos6

sin2 0+ cos* 0
mimy, =

sin20  sin26 cos? 0

Therefore (m; —m,)? = (m; +m,)? —4m;m,
4 4(sin® 0+ cos* 0)

sin0cos? 0 B

sin®0cos? 0

12.

4 1-sin6—cos*0 | _ A cos? 6 —cos*
sin20cos? 0 sin0cos® 0

3 4¢os® 6(1—cos2 0)
cos?0sin 0 cos? 0sin? 0

Hence (m; - m )2-4or|m1—m2|—

or |tan9 —tane [=2

where 6, and 0, are the inclination of the lines represented

by (i) from the x-axis.

(a) Let the lines represented by ax2 + 2hxy+by2 =0

be OA and OB whose equations are respectively

_ 4cos2 0sin 0

Y
P (X1, y1) A
9(;': {/Q
W B
90°
Q
WL
Ny
(0] X

y-mx=0 and y-myx=0

Then m1+m2 =—2—bh and m1m2 =%

From P(x,, y;) draw perpendiculars PM and PN to OA
and OB respectively. Let PM = p, and PN = p,,.
Y1—MoXy

) Y1—MiXg
P =T
V1+ ml2 1/1+ m2
(y1 —myX1)(yp —MyXq)
Ja+m?)a+m3)

L and p,

SP1P2 =

2 2
_ Y1 —(mg +my)Xgyq +MyMoXyi

\/1+m12 +m§ +mfm§

2 2
yi — (Mg +my)Xqyg +MimoXx{

\/1+(m1+m2)2 —2mym, +m12m§

2+@x + a2
_ V1 b 11 p 1 _ byf+2hxly1+axf
\/1+4hz_2a+a2 J(@a-b)? +4h?
b2 b b2

N \\
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14.
15.

16.

17.

18.

19.
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(d) The given equation can be rewritten as
(x=y) (< +xy+2y?) =0
x—y =0 represents a straight line passing through origin.
But the equation x2 + xy + 2y2 = 0, represents two
imaginary straight line as
1 7

2 _oh=— _19=_"1
hs—ab 2 1.2 2 <0
(©

(a) Given equation of pair of lines is

(x* +Y%) 3 = 4xy

a=\/§,h=—2,b:\/§
tan 6= 2V4-3 =i :Gztanl[ijzﬁ
3 | V3 J3) 6
(c) We have 6x2—xy —12y2=0
or (2x—3y) 3x+4y)=0 (i)

and 15x2 + 14xy - 8y2 =0

or (5x—2y) (3x+ 4y) =0 (i)
Equation of the line common to (i) and (ii) is
Xx+4y=0 ..(iii)
Equation of any line parallel to (iii) is
X +4y=Kk
Since its distance from (iii) is 7, we have

k

=7 or k =35,

(b) We have the equation 2x2 — xy — y2 =0

= (2x+y) (x-y)=0

If (h, k) be the point then remaining pair is
(2x+y+ h)y(x-y+k)=0

Where, 2x+y+h=0andx-y+k=0

It passes through the point (1, 0)

5. 2x1+0+h== 2+h=0=h=-2
and1-0+k=0=1+k=0 = k=-1

. Required pair is (2x+y-2)(x-y-1)=0

= X2 —2xy—2x+ Xy —y? —y—-2Xx+2y+2=0

. 2x2 —xy—y2 —4x+y+2=0
(b) Given equations are x2+y2=9andx+y=3

Considerx +y =3

Squaring on both side, we get

(X+y)?2=9= x2+y2+2xy=9
Put the value of x2 + y2 = 9 in above eq".
9+2xy=9 = 2xy=0

- Xy =0 which is the required equation of pair of lines.
(d) y2+xy—12x2=0 = (y+4x) (y-3x)=0

. Y234,

20.

21.

22.

23.

24,

25.

26.

27.

28.

The two pairs will have a line common if

2
30r—4wi|lbearootofb(l) +2h(l)+a=0
X X

~ 9b+6h+a=0or 16b-8h+a=0
(b) Joint equation of pair of lines having slopes m;
and m, and passing through the origin is
y2 = (my + my) xy + mm,x? =0
= 3x2—4xy+y2=0
(b) The required equation is
y2 = (my + myxy + mym,x? =0

= ¥ _(ﬁ)xy_xz =0
3
= 3x2+8xy-3y2=0
(d) x2+xy-12y2=0
= X2+4xy-3xy-12y2=0
= X(x+4y)-3y(x+4y)=0 = (x-3y)(x +4y) =0
= Xx-3y=0andx+4y=0
(@) 3x2-10xy —8y2=0
= 32 -12xy +2xy - 8y2=0
= 3AX(X—-4y)+2y(x—-4y)=0
= (Bx+2y)(x-4y)=0
= 3x+2y=0andx-4y=0
(c) Itis a homogeneous equation of degree 2 in x and y.
Option (c) is the correct answer.
(b) L, = x2 — y? = 0 represents pair of straight lines
passing through the origin.
The equation of pair of straight lines parallel to L, and
passing through (3, 4), is
(x=3)-(y-4)>=0
= X2-y2_6x+8/-7=0
(a) The required equation is
—3X2+Txy+5y2=0
i.e. 3x2 - 7xy-5y2=0
(d) Given equation of pair of lines is
ax2—6xy+y2=0
A=a,H=-3,B=1
Given that, m; = 2m,
m:m,=2:1
H? 2+
AB  4x2x1

09 .,
a 8 —a=

(d) Given equation of pair of lines is
ax2 + 10xy +y2=0
A=a, H=51B=1
Let the slopes of the lines be m; and m,

A
m1+m2=?andm1m2=E

N\
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29.

30.

31.

32.

Given that m, = 4m,

m1+4m1=?=—10:> m;=-2
dimgamg = 2 =

andmy x 4m; = - =a

= dmf=a=a=16

(c) Given equation of pair of lines is

(d)

ax2 +4xy +y2=0

A=a, H=2,B=1

m; +m, =—4and mym, = a

Given that m; = 3m,

3, +m,=-4=m,=-1

Hence, m; = -3

a=(-1)(-3)=3

Given equation of pair of lines is

axZ2+ (Ba+1)xy+3y2=0
3a+1

A=a H= > ,B=3

. 1
Giventhatm; = — = mm, =1
mZ

Nowm1m2—§:>§—1:>a—3
3a+1) -10

Alsom +m=—[ )=—
12 3 3

I

1 m T3

3m2 +10m; +3=0

_ -1
ml—?or—&
Given equation of pair of lines is

6x2 + 41xy —7y2=0

41

a=6,h=—,

g P=-7

o and B are angles made by the two lines with X-axis.

their slopes m; and m,, respectively are m; = tan o

and m, =tan

(@)

tan o . tan p=m;m, =-

Given equation of pair of lines is
6x2 —xy —y2=0

1
a=6,h= _E’b__l
If © is the acute angle between the pair of lines, then

24/h% —ab
a+b

tano =

33.

34.

35.

36.

37.

=

©

(b)

ie. 4x2 -

(©

©

©

0 =tan! (1) = 45°

Given equation of pair of lines is v3xy — y? =0

0 =tan~! (1/3) = 60°

Given equation of pair of lines is
11y2 — 24xy + 4x2 =0

24xy + 11y2 = 0
a=4,h=-12,b=11

|2J1a4—44|

_ (10) 4
tan9—| a11 |

=0=tan! (fj
3

Given equation of pair of lines is

2x2 -3y +y2=0
a=2,h=_73,b=1
29—2
Vo8| 1
tan 0 = —| 3 |—§

cot®=3=6=cotl(3)
Given equation of pair of lines is
x2 (cos O — sin 0) + 2xy cos 0
+y2 (cos O +sin0) =0
a=cos0-sin6, h=cosO,b=cos0+sin0O
The acute angle o between the pair of lines is given by

. %2\/0052 9—2(22:299—sin2 9)%

=Stana=tand=a=0

Given equation of pair of lines is
x2 — 4hxy + 3y2 =0
A=1H=-2h,B=3

Now, 8 = 60° = tan 0 = /3

N \\
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The two lines are real and coincident if

2JH? - AB h2—ab=0
0= T8 h2_ab=h?2_3
For these lines to be real and coincident,
h2-3>0=h?>3
2y4h? - 15 . . o
= 3= TS =h= ig 44. (a) Given equation of pair of lines is
9x2 —12xy + 4y2 =0
38. (c) Given equation of pair of lines is a=9,h=-6,b=4
3X2+_’]_8xy+by2:0 Now,hz—ab=(6)2—9><4=0
a=3,h=9,b=b .. The lines are coincident.
NowO=n=tan9=0 45.  (a) The condition for a pair of straight lines to be real
and coincident is h2 —ab = 0
tan 6 = 2+/81-3b Consider the equation,
anv= 1 42 —4xy +y2=0
a=4,h=-2,b=1
24/81-3b h?—ab=(-2)2-(4) (1) =0
= 0= 3+b | 81=3b=b=27 Option (a) is the correct answer.

39. (c) Given equation of pair of lines is 46.(c) Given equation of pair of lines is

3x2 + 10xy + 8y2 = 0 6x +hxy +12y% =0
a=3,h=5Db=8
Now, 6 =tan™l (p) =>tan 6 =p A=6,H=E,B=12
2
tan 0 = 22524/ Since, lines are parallel,
1 H2-AB=0
- 12-2 L 12) = h? = (24) (12
= Pl = =6(02)=h"=(24) (12)
40. (c) Given equation of pair of lines is s h=+1242

W2+ (1-2)xy-ax2=0
=—7A,b=2
Now,a+b=0
The lines are perpendicular.
.. Angle between the lines is 90°. h2
41. (c) Given equation of pair of lines is xy = 0 . H2=AB= i 41) > h=+4

47. (b) Given equation of pair of lines is
4x2 +hxy +y2=0
The lines are coincident

1 - - - - - 2 2 -
a=0h= > b=0 48. (d) Given equation of pair of linesis x¢ + xy +y= =0
1
Now,a+b=0 a=1,h=5,b=1
The lines are perpendicular to each other.
. Angle between the pair of lines is 90°. 9 _ =3
42. (c) Given equation of pair of lines is Here, h” - ab = 4 = 0

X2+ ky? +4xy =0 Hence, the lines are imaginary.
Kk 49. (a) The condition for a pair of straight lines to be
a=lh=7,b=4 perpendicular is a + b = 0.

Consider the equation 2x2 = 2y (2x + y)

The pair of lines are coincident if h2—ab =0 )
i.e. 2x2—4xy —2y2 =0

2
= h2=ab:>k—=4(1) s a=2,b==-2
4 a+b=2+(-2)=0
= k=+4 . Option (a) is the correct answer.
43. (d) Given equation of pair of lines is 50. (c) Itisahomogeneous equation of degree 2 in x and y.
2’(_2 ;’ Zhh’_(th'gz_:lO Hence, it represents a pair of linesand a+ b = 0

Lines are perpendicular.
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51

52.

53.

54.

55.

56.
57.
58.
59.

60.
61.

\VE

(c) Given equation of pair of lines is
a2x2 + bey2 = a (b + ¢) xy
A=a? B=hc

Since the lines are mutually perpendicular,
A+B=0=a%+bc=0

(c) Given equation of pair of lines is
3y2+9xy +kx2=0

i.e. kx2+9xy+3y2=0
a=kb=3

The lines are perpendicular
a+b=0

= k+3=0=>k=-3

(@ A=0= 6(12) (20)

2 2 anm- 6(31) 12011 - 20h% =0

= 40h2 - 682h + 2907 = 0
h=morE
20 2

() i) A=0=>c=0o0ra+b=0
(i) A=0=c=0o0rbd=ac

(@) %=2x—5y+1=0 (i)

A sx+12y-3-0
oy

(1))
On solving (i) and (i) we getx =-3,y=- 1.

(a)

(b) x-2)(y-3)=0=>xy—-3x-2y+6=0

(a)

(a) The two curves are given by

ax? + 2hxy + by? + 2gx = 0 ()
....(ii)

To get the combined equation of the straight lines joining
the point of intersection of (i) and (ii) to the origin, we
make (ii) homogeneous with the help of (i), i.e., we
eliminate the terms in first degree from (i) and (ii).
Hence multiplying (i) by g' and (ii) by g and subtracting,
we get

a'x? +2h'xy + b'y2 +29'x=0

(g'ax2 +Zg'hxy+g'by2 +209'X)
—(ga'x2 +2h'gxy+gb'y2 +299'x) =0
or xz(ag'—ga')+2(g'h—gh')xy+(g'b—gb')y2 =0...>iii)

which is the required equation.
If the lines represented by (iii) be at right angles, then

(ag'—ga') +(g'b—gb')=0 or g'(a+b)—g(a'+h') =0
or g(@+b')—g'(a+b)=0

(©)

(d) A=0=>ch?+fgh=0=fg=—ch

62.

63.

64.

3/3

(b) Wehavea=1,h=—«/§,b=3,g-—— f=— c=-4.

Thusabc + 2fgh —af 2 —bg? —ch? =0
Hence the equation represents a pair of straight lines.

Again a_h g 1
h b f

. the lines are parallel. The distance between them

9.4
_, gz—ac , 4+ 5
a(@a+hb) 11+3) 2

(c) We have the equation

y2+xy+px2-x-2y+p=0

We know any general equation

ax2 + by? + 2hxy + 2gx + 2fy + ¢ =0 . (i)
represents two straight lines if

abc + 2fgh—af2-bg2 - ch?=0 ... (ii)
On comparing given equation with (i), we get

a=p,b=1, h_ ,g_—— f=-1,c=p

Put these value in equatlon (i)

1 1
px1xp+2x_1x_§xz_px(_]_)z_l

(4l

+1_ _1__—0 —
= P > p 14 =P

= 4p?-5p+1=0 = (4p-1)(p-1)=0

= p=1,1
(@ 9x%—6xy+y>+18x—6y+8=0
= ((3%)2 —2x(3X) x y+ y?) +6(3x—y)+8=0
:(3x—y)2+6(3x—y)+8=0
Let 3x—y=1z
22 +6248=0
22 4+47+427+48=0
2(z+4)+2(z+4)=0
(z+2)(z+4)=0
1=-2,71=-4
3X-y+2=0 (D)
or 3x-y+4=0 (i)
If P, be the distance of line (i) from the origin, then
2

A

Pl=

ﬁ\w
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Also, if P, be the distance of line (ii) from the origin,

Now abc + 2 fgh —af 2 —bg? —ch? =0

then P. 4 2 2
2= "=
Vio = —6(10)k+2(%)(%)(1—21j—6(%j +10(%)
So, distance between lines
2
4 2 2 11
P=P,-B =—— == —k[—) =0
SN TN, RN T 2
65. (b) Gl;/en ezquatlon of pair of lines is N E=5415:k=_15
axc—-y“+4x-y=0 4 4
] 69. (a) Given equation of pair of lines is
A=a,B=-1C=0F=—,6=2H=0 X2—y2-x-1y-2=0
The given equation represents a pair of straight lines, . a=1b=-1c=-2f= __27“ g= _71 h=0
ABC + 2FGH - AF?2 - BG? - CH? =0
Now, abc + 2fgh —af 2—bg2 —ch? =0
1
=0-0-a/l=|-(-1) =0 2 2
§)-ene R
4 4 4 4
B oA _ = A2=9 =>A=%3
=77 t4=0=a=16 70. (c) Given equation of pair of lines is

66. (a) Consider 2x2 + 3xy — 2y2 + 5x + 5y + 3= 0 2x? —Bxy +3y? + 8x -9y + 6 =0
Comparing the given equation with
ax2 + 2hxy + by? + 2gx + 2fy + ¢ = 0, we get
The point of intersection is given by
5 5 3
a=2,b=—2,c=3,f=§,g=§,h=5 [hf—bg gh_afj
ab—h?" ab—h?

a2 5)2) 23] 3] 42 - (j)(f)_j(@'{j)_z(?) =39
g3 g4y R

cob=3c=6f=_-2 g=da h= >
a=2,b=3,c=6,f= 2,g-4,h- 5

Condition for equation to represent pair of lines is
abc + 2fgh —af 2 —bg2 —ch? =0

N

2
75 50 50 27 _ _ T
=_12+T_T+T_T=O 71. (c) Given equation of pair of lines is
2 2 -
Condition is satisfied. 3x“+ 10xy + 3y° — 15x - 21y +18 =0
Option (a) is the correct answer. _ _ _ =21 15
67. (c) Given equation of pair of lines is a=3,b=3,c=18 1= 2 '97 5 h=5
y2+xy+px2-x-2y=0 The point of intersection is
-1 1 (o[ 21 -15) (-15 -21))
R Tt (2)-0(2) (Ho-0(2
p 9=+ h=3 6l -0 ) |5 )e-6

The given equation represents pair of straight lines if (3)(3) - (5)° ' (3)(3) - (5)°

abc + 2fgh —af 2 —bg2 —ch? =0

~1\(1 12 _(153
= w0+ 2605 |3 ]-pear -1 ~0-0 (57
72. (a) Given equation of pair of lines is
- %_p_%zo:p=% 6x2 — xy — 12y2 — 8x + 29y — 14 = 0
-1
68. (a) Given equation of pair of lines is a=6,b=-12,h= )
6x2 + 11xy — 10y2 + x + 31y +k =0
31 1 11 N
a=6,b=-10,c=k f=—-,9=7,h=~ o tan@= Gl S T
2 2 2 a+b 6 6

N\ |\



Pair of Straight Lines

73.

74.

75.

76.

77.

78.

79.

N \\

(a) Given equation of pair of lines is
3y2—8xy —3x2—-29x + 3y - 18 =0
a=-3,b=3

Now,a+b=-3+3=0
The lines are perpendicular to each other.

(a) Given equation of pair of lines is
x2—y2-2y-1=0
a=1b=-1
Nowa+b=1+(-1)=0
The lines are perpendicular to each other.

(c) Given equation of pair of lines is
3xy-4y=0
a=b=0

Now,a+b=0
The lines are perpendicular to each other.

(b) Given equation of pair of lines is

X2 +23xy+3y?-3x-33y-4=0
a=1,h=.3,b=3

Now, h2 —ab = (4/3)2 - (1)(3) =0
The lines are parallel.

(b) Given equation of pair of lines is
4x2 + 2pxy + 25y2 + 2x + 5y —1=0

a=4,b=25h=p,g=1,f= >

E’C__l
The lines are parallel
h2—ab=0=h2=ab
= p?=4(25)=100=p=10
a h g
In this case, if we take p=-10,then |h b f|=0
g f ¢

p cannot be - 10.
(c) Given equation of pair of lines is
px2 —8xy + 3y2 + 14x+ 2y +q =0
a=p,b=3,c=0q,f=1,9=7h=-4
This lines are perpendicular ifa+b =0
= p+3=0=p=-3
Since, the equation represents a pair of lines
abc + 2fgh —af2—bgZ—ch?=0
= -99-56+3-147-16g=0
= -250-200=0
= q=-8
(a) Given equation of pair of lines is
2x2 —10xy + 12y2 + 5x =16y =3 =0

5
a=2,b=12,c=—3,f=—8,g=E,h=—5

Equation of perpendicular drawn from origin on
ax2 + 2hxy + by? + 2gx + 2fy + ¢ =0 is
bx2 — 2hxy + ay2 =0

80.

12x2 + 10xy + 2y2 =0
i.e,6x2+5xy+y2=0
(b) Given equation of pair of lines is
axZ + 6xy + by2 - 10x + 10y -6=10
A=a,B=b,C=-6,F=-5,G=5H=3
The lines are perpendicular
atb=0=a=-b
Also these lines satisfy the condition
ABC + 2FGH - AF?2 - BG? - CH? =0
6aZ+2 (- 75)—25a+25a+54=0
6a%-96 =0
a’-16=0
a=+4

L vl

ACCELERATOR

Topic-wise MCQs

() Let ax? + 2hxy+by? =0 representsthe lines OA and

OB respectively y—m;x=0 and y—-m,x =0.
Then

2h a
m1+m2 =—F and m1m2 =B

To get A, solve the equation y =m;x and IX+my+n=0

. m¢n
~Als L = (x4,
(I+mml I+mmlJ (1. %1) say
Similarly,
. n msyn
~.Bis - = (X2, , say.
(I+mm2 I+mm2J (X2, ¥2), say.

1
Now, AOAE = E(lez —X3Y1)

1 m2n2 B m1n2
" 2| (+mm)@+mmy,)  (I+mmy)(I+mm,)

2

_1.2 Y(my —my)?

2 12 +Im(my +my)+mZmm,

2
15 \/(mz +mp)” —4mim,

2 Iz—ﬁlm+3m2
b b
4’ 4a
12 Vb2 b n®yh?-ab

2" j2_2h a2 am?_2him+bl?

(b) Let m and m? be the slopes of the lines represented

by ax2 + 2hxy + by2 = 0. Then, m+m? = _2h

b

2
2_2 om=2 - (mem? 3=(—2—h)
and mm o O b ( ) 5
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6. (c) For any point P(x, y) that is equidistant from the

3
md +m6+3mm2(m+m2):_% given line, we have
b X+y—2=—(x+y-22)
3 2

22 @) BB axh 8 g or 2x+2y-3v2=0

b b . h ab . 7. (d) Given equation of pair of lines is
These are the set of parallel lines and the distance between Axy + 2x+ 6y +3=0
parallel lines are equal. So, the figure is a rhombus. o (v +1)+3(2v+1)=0

3. (d) Given equationsisax2 + 2hxy + by2=0 ..(0) = x(y+1)+3(2y+1)=

= (y+1)(2x+3)=0
Separate equations of lines are
2x+3=0and2y+1=0

Let slope of the lines be m and Am, then

2h a
m+Aim=-— and m(im)=—

b b
. _ -3 -1
N @+0)2 4h%/b2  4h? le. x=—"andy=—-
Eliminating m we get, . = . . .
A alb ab The equation of line passing through (2, 1) and
or ab (1+ A)2 = 4h2), which is the required condition. 3
4. (b) The equation 2hxy + 2gx + 2fy + ¢ = 0 represents a perpendiculartox= — isy=1iey-1=0.
pair of straight line if ) ) 2 )
ot The equation of line passing through (2, 1) and
0+2fgh—0-0ch? =0=c=2-"9 1
h perpendicular toy = — isx=2i.e. x-2=0.
o 2hxy +2gx+2fy +% =0 .. Combined equation of pair of lines is
x-2(y-1=0
v = Xy-x-2y+2=0
8. (d) One of the linesis3x +4y =0
f ia y__ 3
A(_F’ 0) 1.e. ;— 4
O X The given joint equation is 6x2 — xy + 4cy? = 0
f 9 g 2
Crh) g ¢ (o) = 4c(¥j —(1)+6=0 (i)
X X
_ __f__9 - Y. o
= (hx+ f)(hy+g)=0=>x= Y y= r Substituting value of . n equation (i), we get
_ fl| o _Ifgl 3V ( 3
.. Required area of rectangle = hH h‘_ o2 4c(7) —(—Z)+6=O
5. (c) Thesides of parallelogram are
Xx=2,x=3,y=1,y=5. :40xi+§+6=0
16 4
D (2, 5) C@3.5)
974‘:+3+24 —0=>9c+27=0
=c=-3
9. (d) Givenline2x—y=0 = Slope=2
Let the slope of required line be m
A@2,1 B(@3,1 _
21 @1 tan 30° = |7 2
1 » 1+2m
Diagonal AC is L= = X< ory=4x—7
5-1 3-2 :iz m—Z‘
. . . X-2 y-5 _ J§ 1+2m
Equation diagonal BD is 3,1 or4x+y=13 —m2+16m—11=0 ()

N\ |\



Pair of Straight Lines

Since, the line passes through origin, its equation is

y=mx=m=2
X

Substituting the value of m in equation (i), we get

2
[lj +16[1j_11= 0=11x2 - 16xy —y2=0
X X

10. (b) The combined equation of the pair of lines through
the origin and forming an equilateral triangle with
thelinex+y+xf =0
((Mx+ @) -3(Q)y-(1)x)?=0
i.e, X2+ 2xy +y2—3x2+6xy—3y2=0
ie, x2—4xy+y2=0

11. () Wehave, pg (x* - y?) + (p? - %) xy =0
= pax® - pay? + p? xy - g xy = 0
= pax? + p>xy - pay” - g?xy = 0
= px(gx +py)-qy (py +gx) =0
= (px-ay) (gx+py)=0orL,L,=0
Hence one of the line is px—qy =0

12. (b) /(x—2)%+y? +\l(x+2)2+y2 =4
i.e. \(x=2)2+y? =4—J(x+2)2+y2

Squaring both sides, we get

(X=2)2+y2=16-8 \/(x+2)° +y2 + (x +2)2 + 2

SX2—Ax+4+y2 =16+ X2 + 4X + 4 + 2
8)J(x+2)° +y?

= X+2= (x+2)2+y2

Again squaring both sides, we get
(x+2)2= (x +2)2 +y?

=y2=0
This is an equation of pair of two coincident straight
lines.

13. (d) x2+6xy=0=x(x+6y) =0
= x =0 and x + 6y = 0 are two straight lines x = 0
represents Y-axis.
14. (d) Given equation of pair of lines is
ax?+xy-by?=0
Comparing the equations, we get
AxZ + 2Hxy + By? =0

1
A=a,H=§ andB=-a

The equation represents a pair of straight lines for all
real values of ‘a’.

The combined equation of pair of straight lines
passing through origin and perpendicular to
3x2 + xy — 2y2 =0 is given by —2x2 —xy + 3y2 =0
ie. 2x2+xy—-3y2=0

15. (a)

Since the required lines pass through (2, — 3).
By shifting the origin to (2, — 3), we get
2(x-2)2+ (x=2)(y+3)=3(y +3)2=0
= 2x2+xy—3y2-5x-20y-25=0

16. (b) Separate equation of lines represented by
3x2—8xy + 5y2=0are
x—y=0and 3x-5y=0
Line perpendicular to x —y =0 i.e. y = x and passing
through (1, 2) is
(y-2)=-1x-1)
ie.x+y-3=0 ()
Line perpendicular to 3x — 5y =0

3
iey =5X and passing through (1, 2) is

<y—2)=‘?5<x—1)

i.e.5x+3y-11=0
combined equation is
(x+y-3)5x+3y-11)=0

...(ii)

4

17. (c) Slope of the line 4x + 3y =01ism = 3
kx2 — 5xy — 6y2 =0

=-6m2-5m+k=0

18. (a) Substituting the value of y in the equation
axZ + 2hxy + by2 =0
= ax? — 2hx(mx) + b(mx)2 =0
=a+2hm+bm2=0
19. (b) Lety = mx be a line common to the given pair of
lines,
It satisfies the given equations
am?+2m+1=0and
m2+2m+a=0
On solving (i) and (ii), we get

m? m 1

20-a) a’-1 2(1-a)

1
m2=1andm =_(a7+)

(a+1)2=4=a=1or-3
But for a = 1 the two pair have both the lines common.
So a = -3 and the slope m of the line common to both
the pairs is 1.
Now x2 + 2xy + ay? = x2 + 2xy — 3y?

=(x-y) (x +3y)

(i)
...(ii)

N \\



20.

21.

22.

23.

(@)

@)

©

@)

and ax2 + 2xy + y2 = — 3x2 + 2xy + y?
=-(x-y) Bx+y)

Thus, required equation is (x + 3y)(3x +y) =0

i.e., 3x2+ 10xy + 3y2 =0

The equation of given lines are
ax2 + 2hxy + by2=0 (i)
a'’x2+2h'xy + b'y2 =0 (D)
Let the line common to both be y = mx.
It will satisfy both the above equations.
Hence, a + 2mh + bm?2 =0 (i)
and a’ + 2mh’ + b'm2 = 0 (V)
Now eliminating ‘m’ from the equations (iii)
and (iv), we get
m? o -m 1
2ha'-2h'a ba'-b'a 2bh’—2b'h
2_ha'-ha (V)
bh'—b'h
b'—ba’)?
and me - (30 =08)" ...(vi)
4(bh’—b'h)?
From (v) and (vi), we get the required condition.
6x2+xy—y2=0

=6x2+3xy—2xy-y2=0
=>2x+y=0and3x-y=0

Consider option (a), let a= %

equation 3x2 — axy — y2 = 0 becomes
3x? —%xy— y2=0

=6x2-xy-2y2=0
=3x-2y=0and2x+y=0

Given pair of lines have common line 2x +y =0
Option (a) is the correct answer.

Given equation of pair of lines is

X2+ 4xy +y2=0

a=1,h=2b=1

[2vh?—a| |22 —(1)(1)|=J§

tan 0=
a+b 1+1

=0=tan! (\/5) =60°

Given equation of pair of lines is

X2+ hxy +2y? =0

A=1 H-D B=2
=LH=7,B=

Given that m; =2m,
m;:m,= 2:1

24.

25.

26.

27.

28.

©

(d)

(a)

MHT-CET-Mathematics
H2

(2+1% _ h* 9
- = = —=—
AB 4x2x1 8 8
h=+3
If the gradients of two lines are in ratiom : n,

2 2 2
thenh—=(m+n) =(3+1) _4
ab 4mn 4x3 3

Given equation of pair of lines is
ax2 + 2hxy + by2=0

Given that m; = 5m,
my:m,=5:1

h? (5+1)2

ab  4x5x1

20h? = 36ab

5h? = 9ab

Given equation of pair of lines is
axZ + 2hxy + by2 =0

given that m, = Am,
mp:m,=1:4

h® (1+k)2

ab  4xIx\

4\h2 = ab(1 + 2)2

Given equation of pair of lines is
axZ + 2hxy + by2 =0

Given that m; = mJ

m, = m2m, =2
mm, =m;m, =-—

b
a
m2 = (Ej
—-2h

Also, my +m, =m§+m2=T

Wl

2

1 1
a3 a3 -2h
— +| — -
(bj (b) b

Cubing both sides, we get
2 2 1 2 1
[aj a (ajs (ajs (ajs (ajs —8h®
—| +—+3| = | = —| + = =
b) b b)) \b)|\lb b b®

2
(ajz a 6ah —gh® (aja (aja —2h
—| = A e e e
b) b b2 b b b b
ab(a + b) — 6abh + 8h3 =0
Given equation of pair of lines is
2x2 —5xy +3y2 =0

5
=2,h=—
a ) 5

,b=3

N\ |\



Pair of Straight Lines

m; +m,=—

5 andmy. m, =—

1
Slopes of lines _ 1 and —

my M,
Required equation of pair of lines is

yz—(i+iny+ L oo
mom mm,

=y2- mlerzny+ !
mm,

=2y —5xy+3x2=0
29. (d) The line makes angles o and  with X-axis
. my=tan oand m, =tan B

1 1
=cota=—andcotp= —
my m;

Given equation of pair of lines is
22 -3y +y>=0
-3
=2,h=—,b=1
a=2, 5 b

Now, m; +m, =3 and mym, =2

1 1 ml+m]
COt2a+cot2[3= _2_,__2:ml ;;:_Z
m;  (mym,)
- (ml"'mz)2 -2mm,
- 2
(mym,)
_(3°-2(2)_s
(2)° 4

30. (a) Letm, m; and m, be the slopes of the lines L,

L, and L, respectively.

—a
m+m1=?, m.ml—g

b 2
andm+m2=§, mm;=-3

(m.my ) (m.my ) =(§)(—§)

2 4
= memm, = -

(i)

31.

32.

33.

©

@)

(@)

4
2 —_ —_
=>m*(-1)= 5 [mpm, = 1]
—m2=2

9
2
S>m=+=
3

By solving, we get
m=1m,=-1

Substituting the values of m, m;, m, in m +m; =—?a

andm+m2=%,weget

a?=25andb?=1

a2+ b2 =26

Given equation of pair of lines is
4x2 — 24xy + 11y2 = 0
a=4,h=-12,b=11

Jhz_ Norreym
tang=4p YN A0 _ oV144-d4 4
a+h 15 3

=0= tan‘l(ifj
3

Let m; and m,, be the slopes of the lines given by

X2+ 4xy +y2=0

mg+m,=-4=m,=-4-m

andmy.m,=1=my(-4-m;)=1

=m?+4m +1=0

my, my=-2++/3

Slope of linex-y=4ism;=1

Angle between first two lines,

12_|ml m2|_|( 2+[ |
[ mymy |1 ( 2+f 2-+3)

tan~!

= 0, =tan*(V/3) = 60°

Angle between second and third line

= 923 = tanfl —2——\/5—1
1+(—2—J§)1

Similarly, we have, 65, = 60°
The triangle formed by the lines is equilateral
triangle.
Given equation of pair of lines is
—2pxy +y2=0
a=1l,h=-p,b=1

Jz tan («/§)= 60°

N \\



34.

35.

36.

(©

(b)

@)

MHT-CET-Mathematics

2+/h? —ab

1 =
an 0 b

:>tan6=i2— “pzl_lzinZ -1

1+
=tan20=p2-1
=sec20-1=p?-1
=0=seclp
Given equation of pair of lines is
(x2+y)sino+2xy=0
a=b=sin6,h=1

an 6| 2 1-sin”0
2sin®

=0=tan! (&82) = tan~* (cot 0)

Sin

= 0=tan! tan(ﬁ—ej L)
2 2

Given equation of pair of lines is
ax? +xy +by?=0

1
A=a,H=—,B=b
2
Now, 0 =45° =>tan 6 =1
1

2,|=—ab

tan 45° =
a+b

= (a+h)2=(1-4ab)
=a?+b?+6ab-1=0

The above equation is satisfied by
a=landb=-6.

Given equation of pair of lines is

k
=—tan2A,h=E,b=1

24/h? -
tan 2A=—ab
a+b
2
2,/k—+tan2A
tan 2A=—24
1-tan“ A
/k2 )
2tan A _2 T+tan A
1-tan’ A 1-tan’ A

2
:kT+tan2A=tan2A:>k=0

37. (b) Here,a; =a,h;=h,b;=b

38.

39.

(@)

@)

-5
a2=2,h2=?,b2=3

Given that 0, = 0,
=tan 6, = tan 0,

25
N 2vh% —ab| 2 4_6‘
a+b 5 ‘
N 2vh? —ab| |1
a+b 5

Squaring both sides, we get
4 x 25(h% — ab) = (a + b)?
100(h? - ab) = (a + b)?
Comparing with given condition,
k(h? — ab) = (a + b)2, we get
k =100
Comparing the given equations with
ax2 + 2hxy + by? = 0, we get
-7

a1=3,h1=?,b1=4

-5
a2=6,h2=?,b2=1

If 0, and 0, are acute angle between the two pairs of
lines, then

/49
2 7—12 1

tan@, =| ——+—— |=

3+4 7
=0, = tan (l)
7
2 %e . 1
tang, =| —— |=| = | =>0,=tan""| =
2 6+1 (7) 2 (7)
Hence, 0, = 0,.

Given equation of pair of lines is

a?x? + bey? = a(b + c)xy

—a(b+c)
2

Since the lines are coincident
H2-AB=0

= {MF ~a®(bc)=0

A=a H= ,B=hc

2

=a%(b-c)?=0
=a=0orb=c

N\ |\



Pair of Straight Lines

40.

41.

42.

43.

44,

(d) Given equation of pair of lines is

(@)

(©

(p-a)x*+2(p+a)xy+(q-py>=0
a=p-qgh=p+qgb=q-p

Since, the lines are mutually perpendicular
a+b=0

= (p-q)+(-p)=0

The above equation is true for all values of p and g.
Given equation of pair of lines is

3ax2 + 5xy + (@2 -2)y2=0

5
A=3a,H=§,B=a2—2

Since, the lines are perpendicular

A+B=0

=3a+(@%-2)=0

=a’+3a-2=0

Since, the equation is a quadratic equation in
‘a’ and B? - 4AC > 0,

The roots of ‘a’ are real and distinct.

Lines are perpendicular to each other for two values
of ‘a’.

Given equation of pair of lines is
ay?+(-1-A9) xy—ax2=0

—1-22

A=-a H= ,B=a

A+B=(-a)+a=0

= Angle between the given lines is 90°
Now, consider xy = 0. Here, A=B =0
=A+B=0

The angle between the lines is 90°

Given equation of pair of lines is

4x2 + 12xy +9y2 =0

a=4,h=6,b=9

Here, h2 —ab = (6)2 — (4)(9) =36 -36 =0
Hence, the lines are real and coincident.

(d) The equation of the given straight line is

y-3X=2=

y_23x -1 Q)

The equation of the given curve is

x2 +2xy+3y2 +4x+8y-11=0

...(ii)

Making the equation (ii) homogeneous of the second
degree in x and y by means of (i), we get

_ 2
x2 +2xy + 3y +4x[y—23)(] +8y(y_23Xj_1J{y_23Xj =0

=119x2 —34xy -17y2 =0 = 7x? = 2xy-y? =0 ...

(iii)

this is the equation of the lines joining the origin to the
points of intersection (i) and (ii).

45.

46.

..(iv)
From (iii)and (iv), a=7, 2h=-2ie. h=-1and b=-1
If © be the required angle,

Itis of the form ax? + 2hxy +by? =0

wnpo2hi-ab 2147 28 2x2J2
~ a+b 7-1 6 6
_tan‘lz\/_

(b) Letm be the slope of PQ then

tan 45° = m——(—Z)
1+m(-2)
m+2 m+2
= = 1=
= 1 ‘1—2m‘ 1-2m

= m+2=1-2mor -1+2m=m+2
= m=-1/3orm=3

As PR also makes ~ 45° with RQ.
.. The above two values of m are for PQ and PR.

Equation of PQ,y —1— -3 (x -2)

3y-3=-x+2 = x+3y-5=0
and equation of PR is 3x-y-5=0
Combined equation of PQ and PR is
(x-3y-5 (Bx-y-5=0
= 3x2-3y2+8xy—20x-10y+25=0
(b) The given equation can be written as
(x2 + y2) (cos? 0 sin? o, + sin? )
= x2 tan? o, — 2xy tan o sin 6 + y2sin2p
or (cos20 sinZo. + sin%0 — tanZa)x? + 2(tan o sin®) xy
+c0s20sin2ay?=0
Since the slope of these lines are given as tan 6, and
tan 0,

—2tanasin . rc
Sum of the slopes =§—°‘_S'29 [ ezgj
cos?6sin? a
—2tan9><1 8
= tan91+tan92 = =__COSecza

N \\



47,

48.

49.

50.
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(b) The equation of lines joining the origin to the points
of intersection will be obtained by making one equation
homogeneous with the help of the other. we have

x2+y2=2a? and x2 +y2 +2(gx+ fy) =0

From both the equations, 2(gx+ fy) = ~a?
squaring both the sides, we get

A(gx +fy)> =at =a? (<* + y?)
= a?(x2 + y2) — 4(gx + fy)? = 0, which is the required
equation.
(b) Given equation is (x2 + y2) sino. = (x cos p —y sin B)2
= x2(sin%o. — cos?B) + 2xy sin B cos B

+y2 (sino—sin?B) =0 ...(J)

Let the angle between the lines representing by (i) is 6

Vh? —ab

s tan6=2
a+b

_2 Jsin? Bcos? B — (sin? o — cos? B)(sin o —sin2 p)
B 2

|'sin? o, — cos? B +sin® o —sin? B |

\/{sinz Bcos? B —sin? o +sin? asin? B
=2

+sin? o,cos? B —sin® [3cos2 B}

| (2sin? o.—1) |
. 1—si 2 .
_ ZJSIna( sin® o) _ 2sino cosa _ tan 2o
| —cos2a | | —cos2a |
=0=2a

(d) We have ax? + 2Axy + by? + 2Kx + 2Ky + 2K =0
h=Xxg=K,c=2K, f=K,

abc + 2fgh —af 2 —bg? —ch? =0

ab.(2K) + 20K2 + aK? — bK2 - 202K = 0

2KA2 — 2K2), + (a + b)K2 — 2abK = 0

For real A, B2 —4AC >0

4K* -4 2K[(a+b) K2-2aK] > 0

K2 -2(a+h)K+4ab >0, (K-2a) (K-2b) > 0

K< 2aor K> 2b.

éb) The distance between the parallel straight lines given
y

2—aC

a(a+b)

ax? + 2hxy +by? + 2gx+ 2fy +c =0 is2
Here,a=8,b=2,c=15g=13.

. " ,[69-120 _, 7 7
0, reg. aistance = = =
g. " 8o 45 2.5

51. (b) Letthe given equation represents the straight lines
Lx+my+n;=0and l,x+myy+n,=0
Then ax? + 2hxy + by? +2gx + 2fy + ¢
= (I;x + myy +np) (Ix + myy +ny)
Comparing the coefficient, we get
I, =a mm,=b,nn,=c
I;m, + I,m; =2h, I;n, + I,n;
=2g and m;n, + m,n; = 2f
The product of perpendiculars drawn from the origin to

the lines is
n
Al Iy
\/I12+m12 \/I22+m§
|y |

\/Ilzllz + I12m22 + Izzml2 + mlzml2

| Ny |

B2 + (hmy +1,my)? = 2l lymym, +m2m?

Ic| |c|

Va2 +4n? —2ab+b?  y/(a—b)?+4h?
52. (a)
53. (b) Given equation of pair of lines is
X2+ kxy +y2 —5x -7y +6=0

-7 -5 k
a_lyb_lyc_syf_?,g—?,h—z
Now, abc + 2fgh —af 2 — bg2 — ch?2 = 0

= ()(1)(6) + 2(_77)(_75)@_1(_%)2

35k
+_

=>6+———-——-— 0

4 4 4 4
= —6k2 + 35k —50 = 0 = (2k — 5)(3k — 10) = 0
:>k=E ork=E

2 3

54. (c) Given equation of pair of lines is
ax2+by2+cx+cy=0

AzaB=b C=0F== G=< H=0
- ] - ] - y _21 _21 -
Now, ABC + 2FGH - AF2 - BG2-CH2=0

c)¢c c)?
I

2
c 2
—b| = | —0(0)> =0
(2] -00
=ac?+bc?=0=c2(a+b)=0
=c(@a+h)=0
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55. (b) Given equation of pair of lines is 58. (a) Given equation of pair of lines is
hxy +gx +fy+¢c=0 2x2 +5xy + 3y2 + 6x+ Ty +4=0
f g h 5
A=B= =c. F=— == H=— = = =—
0,C=c, 2,G > 5 a=2,b=3,h >
Now, ABC + 2FGH - AF2 - BG2 - CH2 =0 p=tan'm=tan O =m
f h 2
30”(5)(%)(5)‘0"0‘0(2) =0 2% 6 .
ano=|V4 | m==
tah ch? 2+3 5
_ fgh ch®
4 4 - - - - -
—fg=ch 59. (b) Given equation of pair of lines is
2 42 - ;
56. (a) Given equation of pair of lines is Xty -2x-1=0 o (1)
32+ Txy + 2y2 + 5X + 5y +2 =0 x +y = lintersects the above pair of lines

It satisfies equation (i)

a=3,b=2,c=21=>,g=o h=t X2 +y2 = 2x(x +y) = (x +Y)2=0
2 2 2 S22 +4xy=0=x2+2xy=0
Consider, abc + 2fgh — af 2 — bg? — ch? . a=1,b=0,h=1
5)(5)(7 2
_ 202 L 2V1% -0
(BRI + z(zj@( 2) =20 i
2 2 2 60. (a) Given equation of pair of lines is
5 5 7
—35 —25 -2/ -] =0 2x2 +5xy + 2y2 +3x+3y+1=0
. The given equation represents a pair of straight lines. a=2,b=2c=1, f_E g_g th
57. (c) Given equation of pair of lines is 2
2x2 — 10xy + 2Ay% + 5x — 16y -3 =0 5
5 st
a=2,b=2\,c=-3,f=-8,g=—-,h=-5 2Vh2—3| 4 _3
2 tan 6= 5.0 4
Since the equation represents pair of lines, ‘
abc + 2fgh —af 2 —bg2—ch?=0
5 4 ne
= 2(20\)(-3) + 2(-8) 5 (-5) - 2(64) S cos 0= T = 0 =cos s
o5 61. (b) Given equation of pair of lines is
—27{ j+3(25) =0 2x2 - 3xy - 2y2 + 10x + 5y = 0
5 -3
soa=2,b=-2¢c=0,f=-,9=5h=—
:%=147:>7»=6 9 >

. . . . ] Point of intersection of the lines is
Point of intersection of the lines is

hf —bg gh af)
_ _ -12

ab—h" ab—h Slope of line joining origin and (-1, 2) m = -2
Slope of kx +y + 3=0is -k

= , Now, (k)(-2) = -1=k = _?1

62. (d) Given equation of pair of lines is
ax2 + 2hxy + by? + 2gx + 2fy + ¢ =0

E(—lo,_—?) T
2 9=Z:>tan9=1

N \\
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64.

65.

66.
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24/h? —ab
a+b

= 4(h? - ab) = (a + b)?
= 4h? — 4ab = a% + 2ab + b?
= a2 + 6ab + b? = 4h?

(a) The joint equation of the pair of straight lines
joining the origin to the points of intersection of the
line
Ix+my+n=0and
ax2 + 2hxy + by? + 2gx + 2fy + ¢ =0 is

axZ + 2hxy + by? + 2g (Ix+_my)x
-N

2
. 2{Ix+my)y+c[lx+my) -0
-n -n

Here,1=2,m=1,n=-1and
a=3,b=0,c=1,f=0,g=-2,h=2
32+ 4xy —Ax (2x +y) + (2x +y)2=0

= 32+ 4xy —8x2 —4Axy + 4x2 +y2 + 4xy = 0
=>x2-4xy-y>=0

A=1B=-1H=-2

2N4+1 g

tan © 0 © >

(b) Given equation of pair of lines is
X2 +y2+6xy—-4=0
a=9,b=1,h=3
hZ2—ab=32-9(1)=0

.. The lines are parallel

Now, 9x2 + 6xy + y2 = 4

=S (Bx+y)P2=4=3x+y= £2
Hence, the lines are parallel and not coincident.
(c) Given equation of pair of lines is
ax2 + 2hxy + by? + 2gx + 2fy + ¢= 0
S A=a,B=b,H=h

The lines are parallel

~H2=AB
=h= Jab

Now, ABC + 2FGH - AF2 - BG2 - CH? = 0
= abc + 2fg./ab —af?—bg2—abc =0

= (Jaf-vbg)? =0 = af? =bg?

(c) Given equation of pair of lines is

X2 + kY2 + 2K,y = @
a=1b=k,c=-a%f=k,,g=0h=0

The lines are perpendicular

Lath=0=k; =-1

Substituting value of k, in the given equation of lines, we
get

67.

68.

69.

70.

X2 —y?+ 2k,y—a? =0
=a?-kj=0=k,=ta
(@) (@ +y?) (h? + K2 —a) = (hx + ky)?
= X2(h2 + K2 = aZ) + y2(h2 + k2 - aZ)

= h2x2 + k2y2 + 2hkxy
= x2(k% — @%) + y?(h? — a%) — 2hkxy = 0
L A=k?-a2 B=h?-a2
The lines are perpendicular
L A+B=0
=>k?-a2+h?-a2=0=h2+k%®=2a°
(c) Given equation of pair of lines is
2X2 — 4xy —py? + 4x + qy + 1=0

a=2,b=-p,c=1,f= %,gzz,hz—z
The lines are perpendicular

s.a+b=0
=>2-p=0=>p=2
The equations represents pair of lines

- 2(=2)(1) + 2(%) @) - 2(%)2 +2(2)2-1(2)2=0

=q?-8y=0=q=00r8
(c) Given equation of pair of lines is
12x2 + 7xy + by + gx + 7y —1=0

7
L A=12,B=b,C=-1F=

2°7

N @

hoZ
T2

The lines are perpendicular
SA+B=0=12+b=0=b=-12
Also, ABC + 2FGH - AF2 - BG2 - CH2 = 0

= (12)(-12)(-1) + 2(2)(%)(2)

-(12) (g)z ~(-12) (%)2 ) (92 _o

= 1292 +49g+37=0

37
=(@+1)(12g+37)=0=>g=-1or 1
(c) Given ax? + 2hxy + by? = —2gx

ax? + 2h;xy + b;y? = -2g,x

- ax2+2hxy+by2 9

a1x2 +2hyxy + b1y2 01
We have,
(ag; - a,9)x* + 2(hg, — h,g)xy + (bg, — b;g)y* = 0
- A =(ag; — a,9), B=(bg; — b,9)
The lines are perpendicular
LA+B=0
= (ag; —2,9) + (bg; —by9) =0
= (a+hb)g; =(a; + by)g
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1. (d) We know angle between the pair of lines

ax? +by? + 2hxy = 0 is given by

2 . _—2h __1_1= _2h
0 = tan-1 iz h* —ab o m1+m2_7:> > >
a+b
3
On comparing with given equation .. h= 2

ax? +by? + 2hxy =0, we get _3
5. (a) Theslopeofline3x+2y-8=0is m1=7

5
a=2b=3h ) Let m be the slope of one of the lines making an angle
2 |2 _g I with3x +2y-8=0
o=tan V4 =tan‘1(il) 4
5 5
2. (a) 3x+4y=0isone of the lines of the pair m—(ﬁ)
6x2 - xy + 4cy? = 0. e Kl N 2
3 4 |1+mm l+m(_—3j
Put y=—zx,we get 2
3, 3 2_ 3 9 - :1=‘2m+3
6x° +4x +4c(—z ) _0:6+4+ 2 =0=c=-3 2_3m

Squaring on both sides, we get
(2-3m)2=(2m+3)2=5m2-24m-5=0
This is the auxiliary equation of two lines and their

3. (a) 3x+4y=0 isone of the line of the pair equations
of lines

3
x> —xy+4cy? =0, Put y= _ZX’ joint equation is obtained by putting m _Y
X

, 3, 3 )2 The joint equation of the lines is
we get, 6x +ZX +4c 1 =0

2
y y
5H —24(—)—5:0
N L X X
44

i.e., 5x2+ 24xy —5y2=0
6. (a) Given equation of pair of lines is
ax2+(2a+1)xy+2y2=0

4. (b) Given equation of pair of lines is
X2+ 2hxy + 2y2=0
A=1,B=2,H=h

Let the slopes of the lines be m;, m,. A=a H= 2a+1, B=2
-2h 1
ml+m2=71mlm2=§ .
1 1 Given condition, m =—
Given,ﬂ=—:>ml=_ m, my
M 2 2 m;.m,=1
1 12 _
—My xMy == = =1=>m,=+1
= MM =5 = M 2- Product of slopes = 2= 2
1 B 2
m==+5 a
_oh m;.m,= 1=§
Now,m1+m2=T e
1 _ _
when my ==, m, =1 Also, sum of slopes _Z2H =_[_2a+1) _2
2 B 2 2
—2h
my +my = —— Using (m; + m,)? = m? + mZ + 2mym,

\VE
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-5 2
[7) =mf+m§+2><1

m +mf =222

7. (b) Substituting x = 10 — 3y in equation

6x2 + xy —y2 = 0, we get
6(10 —3y)2 + (10— 3y)y-y2=0
6(100 — 60y + 9y2) + 10y — 3y2 —
600 — 360y + 54y2 + 10y — 3y? —
50y2 — 350y + 600 = 0
y2-7y+12=0
y=4ory=3
=>x=-20rx=1

. Co-ordinates of the triangle are (0, 0), (- 2, 4) and

,3).

2=0
2=0

=<,<

Centroid of the triangle is (%19 .
Given equation of pair of straight lines is
kx2 — 4xy +y2 =0

a=k,h=-2,b=1

8. (a

2vh? —ab
tan 6 = |———
a+b
1|24k
2 k+1
1 _ 4(4-k)
4 (k+1)?

kZ+2k+1=16(4-K)
k? + 2k + 1 = 64 — 16k
k?+ 18k - 63 =0

k?+ 21k - 3k-63=0
k(k+21)-3(k+21)=0
(k-3)(k+21)=0
k=3ork=-21.

9. (@ x’-y?+2y=1orx=x(y-1)

A

@

Y 4

y=x+1 x+y=1

The bisectors of the above linesare x =0and y = 1.

10.

11.

12.

13.

Y A
N ©. 3)
X+y=3
(2,1)
7 \=
NS @0y

So, the area between x =0,y =1, and x + y = 3 is the
shaded region shown in the figure. The area is given by
(1/2) x 2 x 2 = 2 sq. units.
(b) Given equation of pair of lines is

X2 —3xy —4y2=0

-3
a—l,h—7,b——4

Using Shortcut 9, we get the equation of the angle
bisectors of the above pair of lines is

Xz_yzzﬁie Xz_yz_ﬁ
a-b h 7 144 -3
2
-y’ -2y
5 3

3x2 + 10xy — 3y2 =0
Comparing with the given equation of bisectors, we
getk=-10

(c) From the diagram,

the required lines are 4
y—i i.e

- \/gi Ly

A []
JBy-x=0 and ‘%/‘
—X .
="Z,ie, J3y+x=0
y \/5 y v Xx=3

Combined equation is
(3y-x)(3y+x)=0;i.e,3y>-x>=0
(b) Here,a=1,h=coseca,b=1

|2\/h2—ab| =|2\/COSGCZOL—1| =‘m

‘ a+b ‘ 1+1 ‘

tan 6 =

tan 6 = cot a
tan 6 =tan (g—aj

Y
0= 5o
(d) Given equation of pair of lines is
X2 —3xy +Ay2+3x -5y +2=0

-5 3
a—l,b—k,c—z,f—7,g—5,h—7
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16.
0 =tan‘l(lj: tanezE
3 3
. 2vh? —ab
Since, tan  =|———
a+b
2
(2
R M A
3 A+l
=MA+1)2=99-41) =>22+38L-80=0 17.
> A+40)(A-2)=0=>21=-40,2
14. (a) Let/; and ¢, are the two lines, which trisects the first
quadrant (as shown in the figure)
y A
4
60°
X 30° X
v
slope of /; = tan 30° = N& 18
and slope of 7, = tan 60° = /3
. equation of /; is :
Yy
X = NG (" ¢; passes through centre)
& equation of /, is :
X = \/éy (v ¢, passes through centre)
.. joint equation is :
y ) J3 Xy
X——=|(Xx=~/3y) =0- 2 — 2=
( Jé( Y) =0; x? —/3xy \@+y 0
19.

J3x2 —3xy—xy+\/§y2 o
Ne =

= /3x? —4xy+x/§y2 =0

(a) Comparing the given equation with
ax?2 + 2hxy + by? = 0, we get
a=sin20-1=-cos?0, b=cos?0
Here, a + b = —cos2 0 + cos? 6 = 0
The lines are perpendicular

=

15.

T

0=
2

N \\

(b) Comparing the given equation with
ax2 + 2hxy + by? = 0, we get
a=22h=-3b=1

-2h

_=3,

my+m; ==y

a
b 2
(m)® +(my)*® = (my +my) (mf —m;m, + m)
=3 [(my + m,)? - 3m;m,]
=3[(3?-3(2]=33) =9
(¢) 5x+y-1=0coincides
5x2+xy—kx—2y+2=0

1 k
. = = h== =——,f=-1c=2
s.a=5Db=0, 2,9 >

If the above equation represents a pair of straight lines, then

m;.my,=

5

o N
()

«Q - @
-~ O =
o —h «Q

I
o

(@) - ax2+ 2hxy+2by?2=0
Let the slope of one line is m.
In slope of other line = 2m.
We know that

-2h a
+2m =—&mx2m=—,
m+2m b b

= 3m =__2h
b

() X2—y2+x+3y-2=0
Comparing the above equation with
ax2 +2hxy + by? + 2gx + 2fy + ¢ =0
we get
1 3
= = = - = f =-C=—
a=1,h=0,b 1,92 20 2

.. req. point of intersection is:

1 3
0+§ O—E (_1 3)
-1 4

[hf—bg gh—af] _
ab-h?"ab-h?)
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20. (d
() 0(0, 0) As, (ml—mz)2 =(m1+m2)2—4m1m2
= (1)2=(-5)%-4k
= 4k=24 = k=6
23. (c) In a trisection of lines in R
quadrant, angle 90° is divided ¢
into three parts and each part
contain 30°, as shown in figure B
309430°
Equation of line OB is o
1 (¢]
= ° = —X v
y=tan 30°x =y NG
1 [1 !
A PD B x- \3y=0
1,2 (2,3) (3,4) And equation of line OC is
Since, O(0, 0), A, 2) and B(3, 4) are the vertices of y =1an 60°x =y = 3x; (//3x-y) = 0
AOAB. . Their combined equation is
Consider that OP and OD are altitude and median of (x - \@y) (V3x-y)=0
AOAB, respectively.
Then, Coordinates of D = Bx2—xy—3xy+ \3y*=0
z(?’%ﬂ = (2,3) = \Bx%-4xy + 3y =0
3.0 24. (b) Ya
So, equation of OD is (y—0) = (2—_0) (x-0) A
o X—-y-2=0
Hence, yzgx =3x-2y=0 135
1 y=3 45° N\
- 5,3
Now, slope of OP Slope of AB (5.3
— 1 X+y-8=0
m=—1[AS, OP L AB] =@=—1 .
4-2 4-2 0 4*=5 X

Equation of OP is (y-0) =-1(x - 0)
Lo y=EXx = x+y=0
Hence, joint equation of OP and OD is:

The equation of bisectors are
y-3=(1)(x-5)andy -3 =(-1)(x-5)

(x+Y) (3x-2y) =0 =x-y-2=0andx+y-8=0
= 3x2+xy-2y2=0 . The joint equation of the bisectors is
21. (a) We have, pair of line is px2 — qy? = 0 ..(i) (x-y-2)(x+y-8)=0
After comparing eq. (i) with ax2 + 2hxy + by? = 0, =x2-y2_10x+6y+16=0
wegeta=p,b=-q,h=0 25. (c) () x*-x=0=x(x-1)=0

As slopes of pair of lines represented by

ax? + 2hxy + by? = 0 =x=0and x=1,

are real and distinct iff h2 —ab >0 This represent a pair of lines.
So, 0+pg>0 (b) xy—x=0=x(y-1)=0
Hence, pg>0 ~0,y=1
22. (c) We have, pair of lines —X=09y= . .
07 + 53y +12 = 0 -0 This gepresent 2 pair oflines.
After comparing eq. (i) with = 32 = (x— 1)_,

ax? + 2hx + by? = 0, we get This represent a parabola.
a=kb=1land2h=5 o Which does not represent a pair of lines.
Suppose m; and m,, are two slopes of pair of lines. d) xy+x+y+1=0

Then my+m, =__t2Jh=_5 and m;m, =%= k =Xy +D)+(y+)=0=(y+1)(x+1)=0

= y=-landx=-1
This represent a pair of lines.
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(@& B c
R a+b
b
a-b
0] '3 A

Let OA = a and OB = b . Complete the
parallelogram OACB.
i+b=0A+0B =0C =|a+b|=0C

Again a-b=0A —-OB =BA =|a—4|=BA
Given |a+b|=|da—b|= OC=BA

. Diagonals of the parallelogram OACB are equal.
-. OACB is a rectangle.

- 4 and b are adjacent sides of a rectangle.
(c) E D

AB+AC+AD+AE+AF =ED+AC+AD+AE+CD
= (AC+CD)+AD + (AE + ED) =AD + AD + AD =3AD
..n=3

(d) Given ABCDEF is aregular hexagon. We know from

the hexagon that AD is parallel to BC

= AD=2BC

Similarly, EB is E D
parallel to FA .

= EB=2FAand

FC is parallel to AB
= FC=2AB

Thus, AD+EB+FC
= 2BC+2FA + 2AB
=2(FA+AB+BC) =2(FC)=4(AB)

A B

(@) Let f=i+j+k and i, =27 +3]+4k

Let F =3 +4]+5k

Then, |f’|=\/32 +42 +5%2 =[50 =52

Thus, the unit vector in the direction of the sum of vec-
tors

is 1t o
n+5]

F 3i+4j+5k 3 -
—= = I+

7| 572 52 5920 542

4 - 5|2

@ D C
R, R
A R, B
Let Ry =2 +4]-5k and R, =i +2]j+3k

1
R (along AC)= R;+R, =31 +6] -2k

£

a (unit vector along AC ) =

A

3 46]-2k 1 .~ . -

" Vorsera 70O

(d) Given, a=3i+5]+2k, b=2{ -3j-5k
and ¢ =5 +2] -3k

Clearly, a+b =5 +2] -3k =¢

~d+b=¢ = The vectors 4,b,c are represented by
three sides of a triangle.

Now, | & |= 3i +5] +2k |=/38

|b | 2f 3] -5k |=/38

|50 +2]-3Kk|=~/38

=|d|=|b|=|c|

Hence, a,b,c forms the sides of an equilateral triangle.
(d) If a,b,c are linearly dependent vectors, then ¢
should be a linear combination of & and b .

Let ¢ = pa+qb

i€, +af+pk=p@+]+K)+q(4f +3] +4K)

Equating coefficients of {, j,k on both sides, we get

N \\
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l=p+4g,a=p+3q,B=p+4q
From first and third, p =1
Now, |&|=+/3[Given] = 1+ o2+ B2=3
Hence, a=+1,B=1
(d) Since d and b are collinear.

d=1b = (xi —2]+5K) = A( +yj — zK)
On comparing, we get
X=A-2=Ayand5=-2z
For . = 1, we have
x=1ly=-2andz=-5

1
For A = > we have

x=§,y=—4andz=—10
1
For =—E,we have

1
xz—E,y=4andz=10

(d) If a+2b is collinear with ¢, then

a+2b=tc (1)
Also, if b +3¢ is collinear with &, then

b+3c=2a (i)
= b=Aa-3¢

Putting the value of b in (i), we get
d+2(1a-3C)=tC = §+203-6C =t
= (a-6T)=tc-22a
On comparing, we get

1
1=-2A= A1 ==3 and-6=t

=>1=-6
From, (i) we get

420 =-6c = d+2b+6C=0
(a) According to question
201 +%) +3K |5 41 + (4x—2) ]+ 2K |

= 2\/1+x2+9=\/42+(4x—2)2+22

= 4(x°+10)=16+ 16x2+4 - 16x + 4
= 12x2-16x-16=0 = 3x2-4x-4=0
= (X+2)x-2)=0=>x=2, —%

(c) LetA(2,-1,3),B(3,-5, 1)and C(-1, 11, 9) be three
points respectively, then

OA=2{—j+3k, OB=3{-5]+k and
&:—f+1li+9lz

.. AB=0B-0A= (3 -5]+K)— (2 — ] +3Kk)
=i -4j-2k

AC =0C—0A = (- +11] +9K) — (2 — ] +3k)
= 31 +12]+6k = AC = —3AB

12.

13.

14,

15.

Thus, the vector AB and AC are parallel having the
same initial point A.
Hence, the points A, B, C are collinear.

(@) Let OA =60i +3j,0B=40i —-8]
and OC =ai -52]
AB=0B-0A=-20i -11]
AC=0C-0A=(a—60)i -55]

Now, AB « AC as A, B, C are collinear.
i.e., (—20i —11]) = A{(a—60)i —55]}
On comparing, we get
~20=(a-60)Aand — 11 = — 551

% ; . —20={a-60) (%)

=a-60=-100 >a=-100+60=>a=-40
(8) Given that, OA =1 +x]j + 3k

OB=3+4]+7k and OC =yi —2]-5k

Since, A, B, C are collinear.

Then, AB =ABC

=21 +(4-x)]+4k =1 [(y-3)i —6]—12k]

On comparing the coefficients of 1, j and k , we get

2=(y=3) % ..(i)
4-x=-6 ...(ii)

= A=

1
and 4 =-12L => A = 3

On putting the value of  in (i) and (ii), we get
y=-3andx=2

(a) Given that, O—,A=2f+i—lz,@=3f—2]+lz
and OC =i +4] -3k
AB=0OB-OA=i-3j+2k
BC=0C-OB=-2{ +6]—4k

AB=112+(-3)2+2% =\1+9+4 =14
IBC =1/(-2)2 + (6)2 + (-4)2 =4+ 36 +16 =56
CA=0A-0C=i-3]+2k

|CA 1% +(=3)% +(2)? =1+9+4 =12

It is clear that two sides of a triangle are equal,
Therefore, points A, B, C form an isosceles triangle.

(d) Let P=i+j-kO=2+3]R=5]-2k

and S=-]+k
PO =i +2]+k=POI 12 +2% +12 =6,

QR=-2i +2]-2k

N\ |\
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— |OR(22+ 221 (27 -243 BC =BCcos60° +BCsin60° j =i ++3]
. CD=BD-BC = 23] (i ++/3]) = ++/3]
and RS=-6]+3k 20. (a) Let the point O as origin

= |RS|=+/36+9=145=3\5 (.)
Similarly, SP={ +2]j -2k R

_ AG@) . S
= |SPl=y12+22+(-2)? =0 =3 ,

Which does not satisfy the conditions of square, rectangle
and parallelogram.
16. (c) Let position vector of B be 7

5 2r+3(a+20) (Section formula)

a
2+3
3 e 2 11—
2 5 AD+2BE+1CF
) 3 3
- 2 1.
A —d-a)+2@E-b)+=(f-c) =L(c-a)
(@+2b) 3 3 2 )
= 53=2F+3d+6b = 2F=2a-6b=>F=a-3b Putting d = b+c &= a+c = +bJ
17. (c) Let D isthe mid point of BC. 2 2 2
— AB+AC A .
Ap . AB+AC =1(AC)
2 2
(31 +4Kk)+ (51 —2] +4K) 21. (a) Let R be the resultant of the given vectors.
2 Then, R = (2 +3] —K) + (4 —3] + 2k)
=4+ ak o =6f+0]+|2
Length of AD =/ AD | B D c The required unit vector parallel to R
_ 82 4 (-1)% + 42 —\[16+1+16 =33 _ R _ 6i+0j+k _6i+0j+k 640
18. (b) PQ=0Q-OP=4-5j+11K IRl o222 V37 F
e 22. (c) From above figure D
PQ__4 ;.5 i+ 1 e AB+AC+AD +AE +AF
|[PQ| +/162 \/162 \/16 —ED+AC+AD+AE+CD
. F c
cosy= b, [+ AB = ED, AF = CD] 4
vt _ (AC +CD) + (AE + ED) + AD
where v is the angle of pQ with z-axis. —
19. (c) Given, ABCDEF a regular polygon = AD+AD+AD =3AD A 8
y 23. (d) A=(7-4,7),B=(,-610),C=(-1,-3,4)
A and D=(5,-1,5)
E D
AB = (71 + (-4+6)2 + (7-10)2
c =+/36+4+9=
M
F Similarly BC = 7, CD = ~/41, DA= 17
50° . None of the options is satisfied
\ Alea »x 24. (d) Given,0OA=i+2]-kOB=i+]+k,
2i OC =2 +3]+2K
AB is along the x-axis and BD is along the y-axis. Position vector of B w.r.t. origin at Ais
AB = 2{ > AB=BC=CD=.. =2 AB=0B-OA=-j+2k _
From the figure, BM = BC sin 60° = 2 sin 60° = /3 PO_S't'OE'eCﬂOf?C V‘fr't' origin at A is
BD=23] AC=0C-OA=1++3k

N \\



25.

26.

27.

28.

29.

30.

N\ |\

(b) We know for an equilateral triangle, centroid is the
same as orthocenter

OA+OB+0OC .  — —— —— .
g %:o; ". OA+0B+0C=0
Now, AB+ 2BC+3CA
OB-OA+20C-20B +30A -30C

= -OB+20A-0C

=—(OB+OA+0C)+30A =30A =34

(c) Since, a and b vectors are in the same direction &
b and ¢ are in the opposite direction.

= &d and T are in opposite directions.

(c) Given, j and k are unit vectors along Y-and Z-axis,

. . L — . j+k
the unit vector bisecting QY and OZ is J—.
: 72
(d) We have AC = 2015AB
. €-a8=2015(b-4a)
. € =2015b -2014 a
c' A C
a <4+— —
(@ -
o

We have A (i + j—2k) and B (i —3] +k)
On line AB points C and C’ are at distance 1 unit from A.
OC = OA + AC, where AC is unit vector in direction of
AB
Similarly, 0C = 0A+ 2B _ S+ -7k

|AB| 5
(d) If a, b, c are sides of a triangle then length of

median bisecting the vertex c is %\/ 2b% +2a%-c? .

= Required median length

- %\/2(26) +2(14)-56 =6

31.

32.

33.

(b) Let OA=3,0B=b

O—'\/I':a+b

MHT-CET-Mathematics
o
Y
C X

A@ M Bb)

Now points Y, C and X are collinear
YC=mCX
a+b A 2b a+b

——a=m—
6 A+l 3 6
Comparing coefficients of d and b

1 }\' — mandl—z_m_m
6 A+l 6 6 3 6
mzlandk=E

3 7

@ S(b) Y R(d@+D)

P(0)

P.V. of X is =

P.V.of Yis =
PZ=m(a+b)
Let Z divides YX in theratioA : 1
LOX+0Y
A+1
[55+46] a+5b
A +

PV.of Y=

> > m(a+b)
e (a4
PZ A+1

Comparing coefficients of a and b
_ 5a+1 _ A4L+5
- 5(h+1) - 5(h+1)
A=4

4(5a+46}a+56
5 5 5. F .
_2ia+b) 2155

. PZ=
4+1 25 25

(b) Itis given that the point P, Q and R are collinear
= PQ=2QR = 15t(4] —3i) = A[1—t)(i + j) —60t]]



34.

35.

36.

37.

=A[(L—t)i +(1—61t) ]]

t-1 16y ST I8StEA-A=T= 140
(c) As per question
a+3b=Ac 0]
b+2c=pa (i)

On solving equations (i) and (ii)
(1+3u)a-(r+6)c=0
As 3 and ¢ are non collinear,
1+3u=0and 1+6=0

From (i), a+3b+6c=0

(8) Let g and B are collinear for same k i.e., g =k
= (A-2) a+b =k((4r-2) a +3b)

= (A-2) a+b=k(4A-2) a+3kb

= (A-2-k(@r-2) a+b (1-3k)=0

But 3 and p are non-collinear, then
A—2-K(@\L-2)=0,1-3k=0

= k= % and A -2- %(4%—2)=0

= 3A-6-4A+2=0=>A=-4

(a) Since, & and a, are collinear, therefore a, = Aa;

= f+y]+z|2=7»(xf—]+l2)1=kx,y=—k,z=k

Now, xi + y]+z|2=%f—xi+7»|2

15 gjeak

/%H»ZHLZ
A

Unit vector parallel to xi + yj + zk =

Ci-a%fea’k

N
i—j+k

Let A = 1, possible unit vector =
P NE

(8) Vectors along to sides are a=i+2j+k and
b= 2f+4i+|2

Clearly the vector along the longer diagonal is

d+b =31 +6]+2k

Hence, length of the longer diagonal is
|d+b |31 +6]+2K|=7.

38.

39.

40.

(b) Let position vectors of A, B, D be G, b and d
respectively.

D(d) B, C(b+d)

A

A() B(b)

- AC = AB+BC

=AB+AD=b+d (i)

Now, EZAB;ZAC

[Since A, is the mid point of side BC]

b+b+d - d

[ b 4+ —
2 2

AD + AC
2

So, AA = [Using (i)]

_d+

Similarly, AB; = %

.uxg+za=§@+®=gz6

B E

Here, O is circum centre = 0, G is centroid = g
H is orthocentre = p

oG 1
Since, —=—- = M:
GH 2 oG

= p=3g =>k=3.

3

(a) Let P be origin as

|a+b+CPP +|a-bP +|b-cf +|c-af
=3(jaf +|b [ +[cf)

S0, 9 (GP)2 + (AB)2 + (BC)? + (CA)?

=3 ((PA)2 + (PB)? + (PC)?)

= 9x22+ a2+ b2+ c?) =3(12+ 32+ 49)
= a?+b%+c?=42

41. (¢) s c R

<

N \\



42,

43.

MHT-CET-Mathematics

Let PQRS be the quadrilateral and

PQ=2a,QR=b,RS=c and SP=d .
Let PQRS be a parallelogram.
. PQ=SR and PQ|| SR

=PQ=SR=>a=-c=>a+c=0.

Conversely, let a +c = 0 .

=PQ+RS=0 =PQ=-RS=PQ=SR

- PQ=SR and PQ||SR

-.PQRS is a parallelogram.

Further, Let a + ¢ = 0 We have
a+b+c+d=(PQ+QR)+(RS+SP)=PR+RP =0
a+b+c+d=0
=(a+c)+(b+d)=0=>0+(b+d)=0
=(b+d)=0

. The quadrilateral PQRS is a parallelogram if and only
if a+c=0,whichimpliesthat b+d =0 .

(@) 0

Cc

Q
AT P B

Let P, Q, R, S be the mid-points of the sides
AB, BC, CD and DA respectively.
Let T be the point of intersection of the lines PR and SQ.

Let OA+OB+0C+0D=0

— (OP+PA) + (OP +PB) + (OR + RC) + (OR +RD) = 0
= 20P+ (PA+PB)+20R +(RC+RD) = 0

= 2(0OP+OR)=0 = OP+OR =0

= (OT+TP)+(OT+TR)=0

= 20T +(TP+TR)= 0

=20T+0=0=0T=0 (-~ PQRSisa/gm)

= The point O coincides with T.

[Note that the line joining the mid-points of diagonals of
ABCD is also the same point and is the centroid].

(d) Let the given position vectors represent points P, Q
and R respectively. Then

PQ=P.V.of Q—P.V.of P
=(-2a+3b+2c)-(a-2b+3c)=-3a+5b—¢

QR =P.V.of R—P.V.of Q

44,

45.

46.

=(-8a +13b)—(-2a +3b +2c)=-6a +10b —-2¢
= 2(-3a +5b - ¢)=2PQ
- QR and PQ are collinear vectors.
-. P, Qand R are collinear points.
(d) Given, OA=7j+10k, OB=—i+6]+6k,
OC=-4{+9j+6k = AB=0OB-0A =i — ] -4k
BC-0C-0B=-31+3];
CA=0A-0C=4i-2]+4k
= |AB=V1?+1%+4% =18 =32 ;
= |BC|=/32+3 =18 =32 ;
= |CA|=V42 122142 = /36 =6
342, 3V2 & 6 aresides ofa right angled A.
 (3v2)2+(3v/2)? =36 =62
Hence the AABC is a right-angled and isosceles also.
(b) P.V. of A= 2i+]+3k ; P.V. of B= 4i+j+3k
PV.of C= 2j+k.
- BA=PV.of A-PV.of B=-2i
Similarly, AC =-2i+j-2k

BA . AC 4 4

. C0s(£BAC) = ——= = =
IBA|JAC| 449 2.3

2
3

—1( 2
—, £BAC=cos [5]

(c)Wehave |a |=3,| b |=4 and | ¢ |=5. Itis given that
al(b+c), bl(c+a)andc L(a+b)
—a.(b+c)=0 b.(c+a)=0c.(a+b)=0
=a.b+a.c=0 b.c+b.a=0,c.a+c.b=0
Adding all these, we get, 2(a . b+b.c+ c.a)=0
=a.b+b.c+c.a=0

Now, |a+b+ ¢ [?
“laP+|bP+|cP+2@.b+b.c+c.a)
=32+ 42+52+0=50

:>|§+F+E|=\/%=5«/§.

N\ |\
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48.

49.

50.

Sl

52.

(@) Given, |a|=|b]|

|a—b |= /a2 + &% — 282 cosO

=/2a%(1-cos0) = /252.25inzg = 2asing

|a-b|
2
(d) Given|a+bl=6=|af +|b|? +2ab=36 ..(i)

=l|a-bl= 2asind = asind -
2 2

Similarly, |b |2 +|¢ > +2b.c =64 (i)
and |¢|? +| &% +2¢.4 =100 ...(iii)
Adding (i), (ii) and (iii), we get

|a|? +|b[? +|c|? +(a.b +b.c +¢.4) =100

= |aP +|b|? +|c[>=100 (iv)

(rab+bc+c.a=0)

Now,

|a+b+cPaf +|b]? +|c)? +2 (Ab+b.&+ca)
(ab+bc+ca)

= |a+b+c[?=100 [Using (iv)]

= |a+b+c| =10
(@) Given |a-bl|-al-bl=1
= |a-bPgaP +|b]> -2ab
= 1=1+1-2|4|b]| cosd
(where 6 is angle between 3 and b)
1 b
=Cc0s0==—=>0=—
2 3
(a) Given two vectors also lie in xy-plane. Let a vector
is in xy-plane, d=xi +yj
cal(i-j)=a@i-j=0
= (K+y)(-]))=0=x-y=0=>x=y
a=xi+x and |§|=\/X2+X2 =x/2

. . X(f-i- I) 1 -~ =
Required unit vector = — = =—(+])
la]  x V2

(b) Given, angle between 5 and p =

B

)

Q)

N

= ab =0
|a+bP=af +|b> +2ab =1+1+0=2

= |a+b|=+2

(c) Giventhat |d]=2v/2,|b| =3

One diagonal is 55+2b+d-3b =6a—b

Its length = |6a—b |

— /3682 +52 ~2x6|4 || | cos45°

53.

54.

55.

56.

1
2° 15

Other diagonal is 5a+2b —a+3b =4a+5b
Its length = /16 x8+25x9+40x 6 =+/593

(b) We canwrite, |a—b[>+|b-c[? +|c-af

=\/36><8+9—12><2\/§><3><

=2[|a|2 +1b P +|C|2}—22(§.5)
=2(1+1+1)-23(5hp)

=6-2%(ab) (i)
But (A+b+¢)%2>0

= (L+1+1)+25(ab)>0

3>-2%(ab)
From (i) and (ii), we get

|a-b|+|b-cf +|c-df<6+3=9

(b) (a+b).(a-b)=aa-bb

=|af’ b ? = {12+ 22+ (-3)} - {82+ (-1)?+2%} =0
= (a+b)L(a-h)

...(ii)

() Let the required vector be v = xi + yj + zk

V(i+]-3k) =0

= x+y-3z=0 ()
V.(f+3]-2k) =5

= Xx+3y-2z2=5 (i)
and V.(2i + j+4k) =8

= 2X +y+4z=8 (D)

On solving (i), (ii), and (iii), we get
x=1y=2z=1
Hence, the required vector is

V:f+2]+lz

(@) Wearegiventhat 5 b,.¢ are mutually perpendicular
vectors

ab=bc=ca=0 (i)
Let |a|=|b|dcl=n (say) ..(ii)
= |a+b+¢|=/3% ...(ii)
Let 0 be the angle between 3 and a+b +¢, then
a(@+b+c) _da+ab-+ac
|a||a+b+c| A(/31)

[using (i), (ii) & (iii)]

cos 0 =

REGE I !

I RN |
BN A (ﬁ)

N \\



57.

58.

59.

60.

61.

62.

63.

N\ |\
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() Given, |U|=1|V]=2,|W|=3
va

The projection of y along ﬁ and the projection of
_ _ooowd
w along G = —
||
Given, YL M _Gg—wa
lul [df
and v,w are perpendicular to each other.
LW =0

Now, | —V +W |2

TP +| VP +| WP — 209+ 20.W—2V.W

= |U-V+W|=+14
(b) ab =4(0) +6(3) + 0(4) = 18

and |b|=v3%+4% =\/25 =5

\ector form of component of 4 along b

ab
(3j+4k)
ﬁbFJ
(a) Since, oc[3=—+ﬁ+1>5 So, uza =1
a b S5+ )pax

(b) Given, |p+qg+r| =1

On squaring, we get

= | PP +|GF +|F ) + 2pG+2F.p+
1+1+1+0+0+ 2G1 =1

= §F =-1=>cos6=-1=606=n

2G.F =1

(8 |OP|=|&cost+bsint|
= (cos’t+sin®t +2costsint 5-6)1/2

= (1+2costsint &-b)!/?

=(1+sin2t 4-b)Y/?

| OP |pax= (L+ a-b)Y2 when = /4
a+b a+b

0= —Ta+b [arp
NCSLINES
2

(b) Given, ézcosef+sine]
b =—sin0i +cos6] and ¢ =k
|d|=|b|=|¢| and ab =b.c

}

U=i-2j+3K V= 2i+]+4KW =i+3j+3K
(0-R-15)i+(v-R-30)j+(W-R-25)k =0

Ol
%| -

Required angle is cos 1[

(a) Let R=xj+yj+zk

(Given)

64.

65.

66.

67.

So U-R=15= x-2y+3z = 15 0
R=30 = 2x+y+4z=30 (D)

W-R=25 =>x+3y+3z=25 . (i)

Solving, we get

Xx=4

y=2

z=5

IR[?=45 = |R|=45&6</45 <7

[IR[]=6
(b) Let € =ai+Bj
Giventhat b 1 ¢,

= (4I+3j) (ou+Bj)
ordo+3=0

56=

ora =23\, B=-4\ ()

Now, let @=xi +yj be the required vector.

Projection of & along b gives

ab_ 4x+3y _

bl 42 432

ordx+3y=5 (i)

Also projection of & along ¢ is2

- oX+ By
\/ocz + [32

or 3A x — 4y = 10%

or 3x—4y =10

Solving (ii) and (iii), we get

x=2,y=-1

Therefore, the required vector is 2i — j

required dot product =8 -3 =5

...(iii)

L - . Vir
(@) Projectionof V on F is —=—

7l V6
_ (pR)+Mdr) _ 74 -1+A(5) _74
|7 V6

J6
=A=15
(d) We have, px+qgy=a
| pX—qy [*=| px+qy | ~4pgx.y > 0

|
4pq

but X.y >
a . _a
2p’y 2
©lal=lbl=c|=1,

a.b =0, c. a—cosa c. b =cosp

|la+b+clP=(a+b+c)(a+b+c)

= pX—-qy=0=>X= :>—=%

o
<l

=|aP+|b+|cP+2(ab+b.c+c.a)



68.

69.

70.

71.

=3+2(0+cosPB+cosa) = 1=3+2(cosp+cos )
s.cosa+cosp=-1.
%

- -
(b) Letd=b+Ac
nd= f+2]—|2+k(f+]—2l2)
= (L+A)T+Q2+1) - Q+20)k

- -
If 6 be the angle between d and a , then projection of

- - - -
d or (b+Ac)on a
R - > - >
=|a>|cose=|d| _Cji =dfa
ldifal) fal
2+ - (A+2)-(2A+1) A1
T Vi G
- - 2
But projection of dona=\g
LA+l 2 A%+l 2
R ERE

= A2+2L-3=0 = A2+3L-A-3=0
= MA+3)-1(A+3)=0, = A=1,-3

- - ~ ~ ~
when A =1,then b+ic =21+3)-3k

- - ~ ~ ~
when A =-3,then b+Ac =-2i-j+5k
(b) Asla-bf+|b-cf+|c-af
= 3(laP +|b? +|c[?)-|a+b+c?
= 3x3-|a+b+c[>=9
or |a+b+cf =0
or d+b+¢ =0
orb+¢t =-3a
= |2a+5(b+c)|=|-3d=3|d|=3
(b) Requiredvalue=E @=u=z-

Ibl/ lal |b] 3

b
(c) Given, T =(a?-4)i+2j-(a’-9)k

. (i)

a<-2 or a>2
-3 - 3
-3<a<3
a.b

For 9 to be acute, c0SO =———
lallb|

i.e, cosO>0=a.b >0.

is +ve,

- For vector  to be inclined at acute angles with the
coordinate axes, we must have

T.i>O,T.Aj>Oand T . k>0 since T.]=2>0
:T.i>0, and T .k>0

Now, T .i=[(a®-4)i+2j—(@°-9)k].i=a’ -4

T . k=[(a®-4)i+2j-(a® -9)k] . k=—(@%-9)

~. From (i), (@®-4) >0and —(a®-9) >0

i€, a2_-9<0

=(@-2)a+2)>0 and (a+3)(a-3)<0
—a<-2o0r a>2and-3<a<3
=ae(-3-2)U(273).

. (b)Given a . b =0= a is perpendicularto b .

a.c=0= a isperpendicularto ¢ .
. a is perpendicular to the plane of b and ¢ .

Also a isa unit vector.

Therefore, a = +—

£ (i)

-, From (i) we have a =+2(bxc). - n=+2.

. (d) Let O be the origin. Then OA=3i-]+2k,

OB=i-j-3k and OC = 4i -3j+k

- AB=0B-0A = (i— —3k) - (3i — j+ 2k) = —2i + 0j — 5k

AC =0C-0A = (4i -3j+ k) - (3 - j+2k) =i - 2j -k

~ ~

i j k
Now, ABxAC=|-2 0 -5
1 -2 4

— (0-10)i —(2+5)j+ (4—0)k = -10i — 7j + 4k

= |ABxAC |=/(-10)2 + (-7)2 + (4)2
=+/100+49+16 = /165
A unit vector perpendicular to the plane of AABC is

perpendicular to both AB and AC . Hence, a unit vector
perpendicular, to the plane of AABC

ABxAC -10i—7j+4k 1 = _» =
== =— 10i +7j—4k
| ABxAC | J165 J165 ( J=ak).

N \\
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Again, putting the value of |C| in Eq. (i), we have
192+96+6|b|-|¢|coso =0
or 6x4x8y3cosa =288

74. (c) A, 4,-2)

288 V3 5n
or coso=——=—— 0r o =—
6x4x83 2
B 12 B &0, -5, 1) e
77. (a) Letb=ai +Bj+yk, dxb=j—k
BC<BA| |BC~BA Lk
AD =ABsin 0 = AB. |_CX _l _| Ci, | =11 1 1|=]j-k
|IBC|.|BA| |BC|
- o By
[1BA|=BA=AB] = p-y=0a-y=La-p=1
Now BC =-2i-6j+3k and BA = —i+3] = PB=y,o=1+y,a=1+p, d-b=1
fi\ ] |2 3(X+B+’Y=1,
— = I =1 =
.. BCxBA=|-2 -6 3/=-9i-3j-12k 7 Prlrprp=1=20=0
Loa=1,v=0,
-1 3 0 L B=f
. 78. (¢) (a-c)-(b+c)=0
| BC xBA |=+/92 + 3% +(12)% =34/26 and (ﬁ ) Q) )
- = d-b+c@-b)-|cP=0
|BC|l=4/4+36+9 =7 — (@-b)-c=1
. AD_ 26 = (@-b)- (d+ub + o(dxb)) =1

.
75. (c) p+q=3i+5j+2kandp-q=i+]
Fislarto (p+q)and (P - q)

=>A-pu=1=>r=p+l
Now d-b=0=>4, b,axb are mutually perpendicular.

|T| =1:?\,2+u2+w2=1

i j ok
o e - s oa n 2,2, .2
Now, (p+0)x(p-q)=[3 5 2[=-2i+2j-2k = u+D)"+p +o” =1
Lo 79. (@) |p?|=|axb? =|a |bf-|ab
- A A A ~ 1 - 20 = cin2
S =a(=2i+2j-2k) and|r|=12\@x=ﬁ:k=i§ =1-cos"0=sin"0
Slof+ Bl +=1+1+1=3 a2 =a?+(a-b)2(b)? -2(a-b)?
_ _ L =1+cos?0 -2 cos? 0
76. (d) |dl=1|bl=4,a-b=2; C=(2dxb)-3b =1-cos20=sin?0.
or €+3b=2axb =|a|-|b|cosd=2 = |a|=|B].
2 2 1 n 80. (c) To determine the area of rectangle, use the relation
or cose=m=z=§ r 9=§ that if a and b are the adjacent sides of a parallelogram,
. . then area of parallelogram = |axb.
=|C+3b|"=[2axb]| The position vectors of vertices A, B, C and D of rectangle
=2 12 ox 2k 415 21F 2 cin2 ABCD are given.
orlcl +9b] tzc 3 =4[af’|b["sin"6 First, we compute vectors AB and AD.
or |G| +144+6b-C = 48 Now, AB = PV of B — PV of A
or [¢2+96+6(5-€) =0 N0 _ (§+%j+4§)_(_g+%j+4§)
Or ¢=2daxb-3b =b-c=0-3x16=-48. L (1 1) o
Putting value of b -¢ in Eq. (i), we have = [1‘(‘1)1”(5‘5) j+(4-4)k=2i

and AD = PV of D — PV of A
|C P +96—6x48=0, [c]” = 48x4 =192

N\ |\



- (-Lieak) (25 ak)
- [ (i (22 a- k=)

ik
ABxAD=2 0 0/=-2k
-1 0

ON =

Avrea of rectangle ABCD = |ABx AD| = ,/(—2)2 = 250.Units

Hence, the area of the rectangle is |AB X AD| = 250.units
81. (c) If other adjacent sidesis &, then

Area of parallelogram = | (3{+4]) x4 |= 4+/29
82. (a) Given, hbxa=0

S s p q
—:1:— :2, :3
:>b||a:>2 3:>p q

1 2 — o ~
83. (d) AreaofA=§|(1+Xk)x(|+kk)|
=Y Rz
2 2

%(2x2+1)s3743:>4sx2316:>2§|x|s4
84. (b) A(-1,1,2),B(,2 3)andC(t, 1, 1)
= AB= 2I+j+k:>AC (t+1)|+0]—
i ] Kk
ABxAC=[2 1 1
t+1 0

9
= —<
4

~

= S ++3)]—(t+Dk

| ABxAC |= L+ (t+3) + (t +1)2
=y2t2 +8t+11

1 — —
Area of AABC = EIABXAC|

85. (¢) PxG=(a-b)x(@+b)= 2(axb)
= | pxqlP=4{b P a]® —(b.9)%}
| pxq 2= 4{625— (b.a)%}
= |pxdP=2{625- (@ b)22 =1 =625
86. (d) TUxV=(2—]+K)x(-3]+2K)=i—4]-6k
Let W=al +bj

We have, a2+ b2 =1
Soleta=cos0,b=sin0

Now, (xV)w =a—-4b=cos6—-4sin
Max. value = /12 + (—4)? =17

87. (a) Let b=hyi+byj+bsk
d-b=3=b;—b,+2by;=3 ..(i)

U

N \\

88.

89.

90.

~ ~ ~

i j k
ixb=2i-k = |1 -1 2

b, b, bs
=(~bg —2b,) i~ (bs — 2by) + k (b, +by)
= —b,-2b,=2 ...(iil)
b3—2b1=0 ...(iii)
b,+b, = ..(iv)

bz-—l b b, = 2b,
putin (i) weget
b,+1+b +4b =3

[equating coefficients]

1

6b1=23 b1=§

1 4 1 2
b2= —1——:—5 :>b3: 2><§=§
So, B:l?_ij.pz,\

3 3 3
Projection of , on vector d—bis = %
a_

2 4 8 2
7_7+i _
_ 9 9 9 _ 3
22 (1) (4 \/ﬁ
N = e 9
3 3 3
_2. 3 _ 2
T3 1T J21

(c) Given, cxa=b = |Exad|db|=|c||a|sin6=3
|=.i:>|c—a|"’=|é|2 +|aP —2ca
2sin0
= |C? +4-2|C]|-|a]|cosO
9
=4sin29

= |c

+4-2. 3 .2.c0s0
2sin0

2
— 4+ cosec?0—6cot0 =94 [3coto-2
4 4 \2

= |c-df>>o|c-dp>- = 2|c-ap3

N|©
N | w

Minof2 [C-d|=3
() |a+b+axbl>+|a+b-axb[’
=2 (aP +|b +|axb [ +2ab)
=2{1+|aP+|b]? +|aP|b[> ~(ab)? +2ab -1}
=2 {(1+ |&@[)(@+|b[*)-(1-ab)*}
(b) ﬁzaf+bi+cI2F2:3f+4i+5I2
1nxt P<|f IR P .. (i)
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92.

93.

94,

95.

96.
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~

i
Now, i xPp =

N T w—
g0 x>

a
3
= {(5b—4c) + j(3c —5a) +k(4a—3b)

So, from (i)
(5b - 4c)> + (3¢ — 5a)? + (4a - 3b)> < 50

(c) Given, Z+(ZxX)=y= |Z+(ZxX) >y

. 1 2
=S 7R +| X sin0=1= = ——e=—¢—
1+sin%0 V7
. V3
=sinf= —
2
(d) Given, axb=3(ax¢) = ax(b—3¢)=0
= d|b-3¢ = b-3c=2xa = |[b-3cP=22|af

= |b?+9|c]?-6(b.c)=2r%|a

= 2-6x1x % c0s60° =22 =A% =1=Ar==%1

(d) Given, ¢ =xa+yb+axb

and ab =0, |c| =2, |d|=|b|=1 ..(0)

Let vector ¢ make angle o with vector & and b
ta=Cb =2 cosa B

Taking dot product of equation (i) with a and b, we

have
= X=y=2cosa

Now, |2 =x2+y? + |axb > =2 (4cos? o) + 1
= 4=8cos?a+1=8cos?a =3
(a) Given ab =0, & is perpendicualr to b
a.c = 0= a isperpendicualrto ¢
a is perpendicular to the plane of b and ¢

Also 3 is a unit vector.
=+ 2xC ()
|bxc|
_ o 1
But|b><c| |b|c| sin 6 —11.E
From (i), we have @ = +2(b x¢)
[\ =
(c) Given, Fxb=cxb
(F-¢)xb =0 0
= TF-C=Ab = ra=ac+rab
56 - - _ 4%, -
= r=c-2Cp5 = rb=bc-==(b)? (2)
ib ab
-4
:1——:
1 9

(@) g = Area of parallelogram with OA and OC as
adjacent sides

= |OAxOC|= |axb|

97.

98.

99.

100.

p = Area of quadrilateral OABC
_1\GAx0B+ 1 0Bx0C|

2 2
=%[| ax(10a+2b)|+|(10a+2b)xb |]

=6 |dxb| = k=6
(c) Letthe position vectors of points A, B, C, D be ,b,&

and d , respectively, with respect to some origin.

| ABxCD+BCxAD+CAxBD|

= (b-a)x(d—¢)+(C—b) x(d-a)+(@—-c)x(d-b)|

_2|b><a+c><b+a><c| (i)

=4><§|(b—§)><(b—6)|

=>k=4

(d) We have given that §+b +¢ =

=>c=-a-b

Given that

ac-b) |a|

c.(a-b) |al+|b|
a(-a-20) 3

- e
(-a-b).(a-b) 7
9+2ab 3

~9-16 7 Q

= ab =-6= |axb ’=a%b? - (ab)?

=9x16-36=108

(c) Given, vector equation is b=¢+ 2(Ex ).

Take modulus and square both sides.

‘6‘2=|6+2(E><5)|2

= 4 x(area of AABC)

= [ =|cf* +ae+af + acxa)
Here, (¢ x3)=|c||a]sin6

1=|a|2+4|é|zsin21+o

V3 - 1J
= 1=|C| +4|C
ool [ 25
= e L3443 3+43
33 3143 6
Take, 62 [g]2 = 6(3 + /3).
@ [a+6+cf =0
3+2(ab+bc+cd)=0
L -3 —
ab+bE+CA) =— — A=—
(@b+bc+ca) ;= >
d=axb+bx(-d-b)+(-d-b)xd [+C=-a-b]
—dxb+axb+axb = d=3(@xb)

N\ |\



s-XI1/97
- - - =
m ﬁ%&%ﬁiﬁl&R a and b are orthogonal Hence, a-b =0

1. (a) E D =>Atp=2 ..(0)
> >
Since, |a |5 b |:>\/1+k2+4 =\/H2 +1+1
F C S>ur-A2=3=u-1)(2)=3
3
=p-A=2 ...(ii)
A B
17
In a regular hexagon, Solving (i) and (ii) we get (A, 1) = (Z’Z)
AB = 2FC
— — - -
= AB=-2CF =2
_ 5. (c) Centroid of BCD = b+c+d
n=-2 3
Also, AD =2BC f n a e Ao
 m=2 =>_i+2]_3|2=(—2|+J+3k)+(3|+21—k)+d
Now, mn=2 (-2)=-4 3
- - —> - A N ~
2. (c)Let &b bethesidesand d;, d, be the diagonals of = d =—4i+3j-11k
the parallelogram. L5
U A . ; - a+b+c+d
Given d1=3i +6] —2k,d2 =—1-2]-8k .. Centroid of tetrahedron g= 2
> > n
- R R ~ - - —1’.‘ ~ 3k
Hence, a=%=i+2j—5k:|a|=\/% g=—i+j-—
- - A~ ~ ~ 1~ A ~
S oded .. GD=d—§)=(—4i+3j—11k)—[—1i+j—gkj
and b=1TZ=2i+4j+3k 2 2
—7|+2 ——9I2
:>|B>|=@ (shorter side) S 2 :
3. (0
= -19 /213
A(©,0,0) 'GD'z\/(z)“Z) +( 2 j 7z
6. (c) a—|—21+2k b 6I+3]—2|2€> —4i +31 +12k
-
|a1= 1+4+4=3|b|=/36+9+4 =7,
|'C =16 +9 1144 =13
- A~ ~ ~ -
B1L.1L1) D C(1.3,5) a+b+C=3+4j+12k =] a+ b+ ¢ 13
g o 2 ~ = o 2 ~ - -
AB=1+]+k, AC=1+3]+5k \/(|5>|+|b|+|E>|)+|Z+b+?|=\/3+7+13+13
Since D is the mid point of B and C
Hence, DE(E,E,ﬁ) =(1,2,3) =36-6
2 2 2 S N o
Length of median AD. 7. (b) Given, BC=i-2j+2k and CA=6i+3j—-2k
AD =1~ 02 +(2-0)2 + (3-0)? = 14 In a triangle AB+BC+CA =0
- ~ ~ P d ~ ~ ~
4. @ a=i+rAj+2Kb=pf+]j-K >

AB=— (BC +CA)

N \\
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—> ~ A N A A A
AB=—i+2j-2k—6i-3]+2k
—> A ~

AB=-T7i—]

IBC =412+ (=2)2 +(2) =3
|CAI=y(6) +(3%+(-2% =7
| ABI=(-7)? + (02 =542

) ) — - -
Perimeter of triangle = | AB|+|BC|+|CA|

52 +3+7=5(2++/2)

2 > N n~
8.  (a) The centroid of face BCD is given as g(l +j+k)

(agi +by J+c K) + (api +by ] +C,K) + (agi +bg  +C3K)

3
2’.‘ e n
=—(+]j+k
g1k
=ata,+ta;=2

b, +b,+Db,=2
C,+C+Cy=2

The centroid of the tetrahedron is given as ai+p ] +yk

(f+]+I2)+(a1f+bl]+olI2)+(a2f+b2]+czI2)+

So. (3l +b3 ] +c5k)

=ai+ﬁ]+y|2

(Q+a +ay +a3)f+(1+bl+b2 +b3)]

= oc?+[3Aj+yI2 =

+(1+c +cy +c3)I2

4

p_ @+ 2)i +(1+2)]+@+2)k

= a?+BAj+y

4
3., 4 n
= —(i+]j+k
4( j+k)
3 3 3
. OC—Z,B—Z,Y—Z
— 2(2)4_24_2—2—3
D20 By = A T T

9. (o) a-= (x+2y-3)i+(2x—y+3)]

- o A
b =@x=-2y)i+(x-y+1)j

~3=2b

=S>X+2y-3)=23x-2y)

= X+2y-3=6x-4y and (2x—y + 3)

=5x-6y=-3 =2(x-y+1)

= 5x + 6 =-3using =>2X-y+3
(y=-1) =2X-2y+2

=5x=-9 =y=-1

Finally,y -5x=-1-(-9)=-1+9=8

- A A A
(b) We have, A=7i-4j+7k

> A N N
B=i-6j+10k
d N ~ A~
C=-i-3]+4k
d A A A
D=5i-j+k

<]

A .
B
It can be observed that:

> 5> 5> o

A+C=B+D

> 5 o o

A+C B+D

= =
2 2

Or Diagonals midpoint coincide, or alternatively
diagonals bisect each other.
Therefore, quadrilateral is ||gm.
Now, the p.v. of intersection of diagonals = mid-point of
diagonals

> 5 o5 >

A+C B+D
or >

pf+q] +rk =3f—3.5] +5.5k
=p=3;9=-35r=55

pi+q]+rk =

Finally, p+q+r=5
(d) Let position vectors

> 5>

A B,C,Dbe a,b,c.d

- > 5 >
b d

— >
So, AB=b-a,CB =
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— 2 >

AD =d-
-. Midpoint of AC :

- -
a+c

2
Midpoint of BD:

N
E:

_)
@ A—|+2]+3kB 7i—k

- A A A
P =-2i+3j+5k
- -

P= A+t(B A)
—2i+3]+5Kk =i+2]+3k +t(6 — 2 — 4K)
Equating components, we get

- 1
t= - (So P divides AB externally in ratio t = _E)

_t

Harmonic conjugate Q : t' =

1-2t
16
-
1—2(")
2
- - - -
. Q=A+t| B-A
G S S S
:Q=(|+2]+3k)—z(6|—2]—4k)

:Q (—I +—j+4k)

Thus, sum of scalar components of position vector (Q)

=—1+5+4 6
2 2

A3CZB

13. () (213 +k) ((+2)-3k)

= 7 o ~ o
Position vector of C =§| +0] —gk

C—D=(3f—i+2|2)—gf+oi—%|2j

=2 LArp (8 -5)+17k)
5 5 5
<= _ (81-5]+17k) _ (8-

CD
V64 + 25+ 289
1 1 1

5 +17k)
NI

. A
5§ +3K)

B. . .
14. (a) (2f - R Q (@4i+]-6k)
PQ trisect AB; and R divides PQ in the ratio 2 : 3.
Let’s assume AB line segment of length 3 units.

2 '3 2 3
PRandRQ =7 and 5= AR=1+§, RB=1+g

7

8
:>AR=E, RB=§:>ARZR8=728

. Rdivides AB in the ratio 7 : 8.
Using section formula : Position vector of point R

8><2+7><4iA+(8><—5)+(2><1) 2
15 15 :

R=

+(8><3)+(7><—6)|2
15
L g M- 3. 18¢
5 15 15
15. (c) Linejoining is { — j+k and i + -2k
F=(—]+k)+Ar(2]-3K) (i)
Line joining 2f + j—6k and 3f — j— 7k is
F=2i+]-6k+ul—2]-K) ..(ii)
From (i) and (ii)
P+ (@A -D]+@1-30)k =Q+w)i+@0-2p)]-(6+wk
On comparingweget,2+u=1= p=-1
Putting in (ii) we get
Position vector of intersection point, f+3]—5l2.

16. (d) We know that if &, b, ¢ are collinear then

(8-b)=k(@-c)
" (A—=2)a+(A—2)b +3¢ = k[(A—4)a—9b +9¢]

= (L—2)a+(A—2)b+3¢c =k(L—4)a—9kb +9kc

N \\
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On comparing both sides, we get 3=9k = k =%
A=2=K(A-4)=3-6=1A-4= 2 =6-4= =1

And (.—2) =k(i—4) = (1-2) =2 (1-4)

3
= -1=-1satisfy. .. A=1
= 3f 3'2 = o 3/: |,(\ = —f 3’: ~
b) D=—-—; E=i—-—j——; DE=—-—j+k
®) =755 2173 2 2!
Vector along DE is —f -3} +2k
. . (H-3j+2k) —i-3]+2k
Unit vector along DE =( ! = .
N NY

(d) Given: a=(2x+y)i +3]+9K

b=2i+]—(x—y)k - dand b are co-linear vectors

_2x+y_§_ 9
21 —(x-y)
- 2x2+y=§:>2)(+y=6 (i)

3 9
and 7=, =Y x=3

o ...(ii)

Solving eqgns. (i) and (ii), we get

x=1andy=4; Now, X3+ 27y3 =1+ 27 x 64 = 1729.
(@ - Points(k,1,5),(1,0,3)&(7,—2, m)are collinear.
A=( 1,5),B=(10,3),C=(7,-2,m)

AB=(1-k)i+(0-1)j-2k
AC =(7-Kk)i-3j+(m-5)k; AB=xAC
= (L-K)i-j-2k=2[(7-K)i-3]+(m-5)k]

Comparing both sides, we get

-1=-3A= A=

Wl

1-k= A (7=K)... (i); ...(ii)

2=A(M-5)=>-6=m-5=>m=-1
1
fromeqn.(i)=>l—k=§ (7-Kk)

= 3-3k=7-k=2k=-4=k=-2

s (k,m) =(=2, -1)

(a) Given pointsare A= (1, 2,0),B=(2,0,-1),
C=(0,-2,3)and D = (-1, 2, -3)

Here G, = (1, 0, 2/3) and G, = (1/2, 1/2, -1/4)
Now P divides G, G, in the ratio 4:3 internally
So, P =(5/7, 2/7, 1/7)

21.

22,

23.

(d) Here we are given that OA =a,0B =b,0C =¢

1xOB+3x0C  —— b+3c
x0 +3x0C_OD=b+3c

Now PV of Di.e OD = :
1+3 4

 A(b+3)
GE_40D+O0A _~ 4
4+1

+8 _— F+b+3cC
:OE=a+b+3C
5 5
Now, OF = 20B +30F — OF = 50E -20B

2+3 3

5@+b+3c o

—>OF=—2
3

a_
= PV.of Fis ———

w

(a) Giventhat D divides BC in the ratio 2 : 3, E divides
CAintheratio2 : 1 and P divides DE in the ration 3:5.
According to question,

2c+3b

d= 5 = 5d = 2¢ +3b (i)
6= 2870 L G- (i)
Multiply equation (ii) by 2, we get
4a+2c=6e = 2c=6e—4a
Solve (i) and (ii), 5d—3b = 6e—4a
= 5d+3e=3b—4a+9% ...(iii)
e+5d 1,.- - -

= ==(3b—4a+9%
Now, P 345 8( ) {from (iii)}
R 1 h A - = -a
p= g[(3b —4a+3(2a+c)] £hrom (i)}

p:%(2§+35+36)

(b) Given three position vectors of the verticses of triangle
ABC are 2i +4j—5k,i+j+k andj+2k respectively.

BA = (2-1)i+(4-1)j+(-5-1)k =i +3j-6k

CA=(2-0)i +(4-1)j+(-5-2)k = 2i +3j— 7k

— 1l —
Position vector AD =§(BA+CA)

=%(3€+6j—13&)

N\ |\



24.

25.

26.

—~ AD
i AD = —
Unit vector along |AD|
Lgie6j-130) o 2 o
~ 3 ] _3i+6j-13k
\J9+36+169 V214
2

(b) Given vectors are AB =2 +2]+k

and AC =2 +4] +4k

Centroid G of triangle has position vector AG can be
obtained by putting A as O, Bas 2{ +2j+k and C as

2f+4]+4|2.
So, A—G=O+B+C=O+2l+2]+k+2|+4j+4k

3 3
mzw,,\lm §X|A—G|2 +5-33+5-38

(@) We have, OA = a, OB = b be two non-collinear
vectors,

OP = xa+Y;b,0Q = X,d +Y,b

where, X —_—3 X —1 ¥ —Z y _E
B A
OP = —_351 15 —3a+7b=7b—3a
4 4 4 7-3
OP divides AB externally in ratiom: n=7: 3.
O_Q=la+§b=a+6b
3 3
Also,
A'O=0A=3,0A'=-3B'0O=0B=hb,0B'=-b
P[7b—3a]
4
b A
a
(0]
A* —a
-b
Bl

Clearly we can observe from the figure that, P lies inside
the AA’OB and Q lies outside the AAOB.

(d) In quadrilateral ABCD, the point P divides DC in
the ratio 1 : 3 internally & Q is the mid point of AC.

D (d) =3 _\C©)
1
1/ Q
A(a) B(b)
We have, OP = c+3d and 0Q =a_;rc

It is given that AB + AD + BC — 2DC = APQ
(b-a)+d-a)+(c-b)-2(c-d)
}{a+c c-3d

A
5 4 } —2a—-Cc+3d —Z[2a+c—3d]

- &=—2:>7»=—4

27. (b) Given, A(d),B(b),C(c),D(d) are concyclic points

and xa+yb+zc+td =0

xa+yb  (z€+td)
X+y+z+t=0 =x+y=—(z+1); X+y =- X+y
Here x, y, z, t not all zero at a time
C(S)B(B)
A@D(E)
Xa+ yb :(zé+td)_ P:x€1+yb OrP:zé+td
X+y z+t X+y z+t
xd+yb I xd+yb -
AP = =x(@a-b);BP= -b =y(@-b)
X+y X+y
CP=zc+td S =t(d-0): DP=ZC+td—*=z(dﬂ—6)
z+t z+t

AP x BP = CP x DP [By similarity]

| x(@-b) || y@@8—b)|=t(d —¢) [ 2(d -¢) |

Iy lla-bP=|ztllc-d
28. (b) Letvector d=ayi +a,] +ask; Let b=6f +8]
i  6i+8] (a‘ 6?+8j}
lal /g2 +82 la|] 10

d _10+22j+5 (3i:45)

14| A 5 5

Hence, 7\,[

=191 +22]+5k =—

N \\



29.

30.
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(19 3jp (22 4)’.\ 55
= | ——=|i+|——=|]+=Kk
A 5 A 5 A

E is unit vector along 3, so

(19 3)2 (22 4)2 (5)2
— == === =] =1
A 5 A 5 A

361 484 25 9 16 114 176

—t—t—=+—=+—=——-— =
A2 A2 a2 25 25 50 5\
870 290

:F—E =0=>A=15

i_(§_§)f+(§_ﬂ);+£
So.1717\15 5) "l15 5)1 73

= EiA+EJ°+E=1(2iA+2j+I2)
15 157 3 3

Hence, option (b) is correct.
(@) Giventhat QA=a+b+c and OB=a-2b+3c

31.

AB =0B-0A
—_30+2¢, |ABl=+a+x =413

OP - m(OB) +n(OA)
m+n

@_1(5—25+3E)+3(5+5+E) _4a+b+6c
4 4

1(a-2b+3c)-3(@+b+c) _—-2a-5b
-2 -2

0Q-

O—Q _ 4a J;lOb

P—on—Q_@=4aJ;10b_4a+2+60 _ 9b;60

2 2
o (2 o) - B AT
4 4 16 16 4

313

3 —

PQl====71AB| = 3|ABI-4|PQ| 32.

4
(b) Given that, (1, 0, 3), (2, 1, 5), (- 2, 3, 6) are the
midpoint of the sides of triangle.

As we know that, centroid of AABC is also the centroid
of ADEF.

A
F E
B H D" C
Centroid G_(1+2—2 0+1+3 3+5+6j
entroid, G = 3 ' 3 ' 3
_ (1 4 EJ
(3’3" 3
(a) ABCD is a parallelogram.
5
2
Q n
A(o) B(b)

Let Q divides AC and BP in theratiom : 1 andn: 1
respectively.

Now, point
m(b+d)+1(0) m(b+d m m

Qo ME+A)+UO) _mbrd) m . om g
m+1 m+1 m+1 m+1
n9+b 1 n

and Q = = b+ d ..(i)
n+l n+l1 2(n+))

From Egs. (i) and (ii), we get

m 1 m n

mel nil M9 M1 2+

O L N S

Zn+l 2+ — "TE T i1 241 3

1
3m=m+1;2m=1:m=§

Hence, the required ratio
1
=AQ:QC=m:1 =§:1=1:2.

(d) Let point 5(3—53 2—58 3—58) divides the line segment

‘AC intheratiok : 1, where points A(3, 2, 4) and C(9, 8, 10).

k 1

A B C
(3,2,4)  (33/5,28/5,38/5) (9,8, 10)

Coordinates of B

N\ |\



33.

34.

(kxp X Ky, +Yy; kzp+zg

_[ k+1 " k+1 ' k+1]

33 28 38) (9k+3 8k+2 10k+4
(?’?’Ej_( k+1 ' k+1' k+1 )

Now, comparing the respective X, y and z components,
we get

+3_ 33, 45k +15-33k+33
k+1
3 .
= 12k=18=k=> (i)
and 8k+12=§:> 40k +10 = 28k + 28
3 ..
= 12k =18 =k =5 ..(ii)
10k+4 38
= 50k + 20 = 38k + 38
and 27775
3
= 12k=18:k=§ ..(iii)
o 3
From Egs. (i), (ii) and (iii), we get k =5
3
Hence, k:1=5:1=3:2
(a) According to question from fig. D c

AAQP ~ ACQB 1
>}
AQ QP AP '
> — == 3
CQ QB CB A A
AP AP 3
AD CB 4
AQ_3
CQ 4
(c) Given, M and N are the mid-points of BC and CD.

(AD = CB)

1. 1
M==5 and DN ==a
,° and 2

35.

36.

37.

and in AADN, AN — AD+DN =5 ++a

l\)

AM +AN =+ 2546115
2 2

Nlm

a+3p-
2

N | w
~
Q)
O
N

- m+m=gfc [- AC =d+b]

(c) -+ AB=xAC+YyAD

(L-2)i +4]+5k =x(—6i“+2]+3|2)+ y(-3f-3}+4|2)
(A—2) =—6x—3y...(i); 4 = 2x—3y...(ii); 5=3x + 4y...(iii)
Solving equations (ii) and (iii), we get

31
=—andy=
17 y= 7

L 6
Putting in (i) we get A = 7

Now, 17 (A +9) = 17[i—;46 9}

(c) Let position vector of point P is
OP =xXi+yj+zk; OA=i+2j-2k
Since, AP =x(2i+3]—6|2)

(Given)

= (x=1)i+(y=2) j+ (z+ 2k =A(2i-3]-3K)

On comparing we get
X=1=2\y-2=-3\,2+2=-6A

Given AP =21; [(x-1)2 +(y-2)% +(z+2)® =21
Va2 +90% +360% =21 = A=+3=x=6+1=70r-5
y=+9+2=-70r1l;z=4+18-2=-200r 16
OP=7i-7j-20k or —5i+11j+16k
(8 d=4i+5]-3k b=6{-2j-2k

|b-d]
|l

Magnitude of component of  parallel to 3 =

_|(4i +5]-3K)- (67 —2j-2K)| _ 20

=242,




39.

40.

41.

42,

43.

N\ |\
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= (a-b)(a-b)
= |af +|b|+2a-b = |d]*+|b*-2a-b
4a-b =0=>13.p =0
. 4 and b are perpendicular.
(c) Given that |a|=|b|=1.
|+Db[?°= @+D)-(@+b)=[d|° +|b|* +23-b
1=1+1+ 2|3||b| coso

1
— -1=2c0s0 =cosO= ——=cos(n—fj 2"
2 3 3

(b) a+ab=(i+2]j+k)+r(i-]+4k)
—T@+2) + 2=+ L+ a0k
-3+ b is perpendicular to ¢ .

s (a+Ab)c=0

= [A+A)i+(2-1)]+A+40)K][i+j+k]=0
S1+A+2-A+1+4X=0=>A=-1

(c) The component of i in the direction of the vector

i+]+2ﬁ
16

1
T f1+v1+4 V6 6

(c) Given |d|=2,|b|=36=120°

2 . .
a bl"_ 1 .o 1B 2@b)
NOW[z 3} =21 %
1, . -
=1+1—§(|a||b|cose)
1 1
~1:1-2@-1) =3
=30
(b) Given G =i-3],p=1+2]—k
- > >
B=P1+h2
- - - -

Since By |l o = By =ma =m(i —3])
Where m = constant.
- - - R N
Hence, B, = B—PB1=@A-m)i +(2+3m)j—k
- - - -
Since, Bo Lo =Pr-a=0
=1-m.1+(-3)(2+3m)=0

1
>m=-=
2

— 1 o ~ . -
=pBy = _E(I —3J) = No option is correct

44,

45.

47,

N
(b) Let a make equal angle o with co-ordinate axes.
Hence, | =m =n = cosa

24+ m24n2 = 2- _ 1
=slIF+me+nc=1=3l -1:I_%
Hence, é:i(f+]+I2)
V3
- A > o
Now, the projection of b =51 +7j—k on ais b-a
=(5f+7j—|2)-%(f+j+|2)=%

(d) Q.Ezo given
- - — - - —
Now (a+b)-(a)=|a+b|-] a|cos60°

=5 2 - - —
=l|lal"+a-b==]a+b||a]

N |-

- > 1 - -
:»Ialla|=§|a||a+b|
- - -
=2|lalsa+b|
-> - -
=la+bP=4]al
- - - - -
=Slal+|bP+2(a-b)=4]|af
- - - -
=3lafsbP=|bl=+3]a|
. - - .
(b) Since a and b are unit vectors
- -
HenC€,|a|=|b|=1
- - - — - -
la-bP=[al’+|b*-2(a b)
- -
=1+1-2|a| b |cos6

|a—b 2= 2(1—cosb) = 4sin2%

- > - >
|a—b|_‘ —b‘
R

. 6
= SIN—=
2

2n
(a) 0 =?

_)
The projection of a in the direction

-

b =-2



Vectors

48.

49.

50.

51

52.

N \\

N
a

- - >
N b 5 lallb] 2=n P
- - 3

| bl | b|
N
=|al=4

- - i

(b) Given |al=|b|=1and a-b =0
- - - -
Now, (3a+2b)-(5a—-6b)

-, - > - > -,
=15 a | -18(a-b)+10(b-a) -12|b |
=15-12=3

- -
(c) Since a are b orthogonal

- =
Hence, a-b =0

5
=2+20+3=0 =>k=—§
> - -S> -
) 2a-balb|
- - - -
=2|a|b|cosb=al b]
1
:>COSB=§:>9=60°
. - -
(@) Given|al=1|b|=1
- - - -
(3a-b)(3a-b)=1
- -
(since (/3 a-b) isauint vector)
- - - -
=3lal +|bP -2J3(a-b)=1
- -
=2J3]a]| b|cosd=3

:cose=§:>0=30°

- = > - - -
(¢) a+b+c=0]al=3|b=5]al=7

- - -
= (a+b)=-c

-> > 2> oS> S
= (a+b)-(a+b)=c-c

=|al”+|b|"+2]al b|cosb=|c |
= 9+ 25+ 30 cosb = 49

:>co:56=1:>9=E
2 3

53.

54.

A - - -
(c)Given,|a|=a=3|al=b=4,]al=c=5
Also given

- = Ed - — - — .
a-(b+c)=0=a-b+a-c=0 ()
i Ed - = - — ..
b-(a+c)=0=Db-a+b-c=0 (i)
c-(a+b)=0=c-a+c-b=0 (D)

(i) + (ii) + (iii) we get,
e e S
2la-b+b-c+c-a]=0

> 2> 25 > =9 -
Now, |a+b+c|=|al +|b|"+|c|
- -
cC+cC-

-> o> o -

+2[a-b+b- al
> D o,

=|a+b+c|°*=9+16+25+0=50

:|Z+l_3>+<_:>|=5\/§

(d) Given, a =2i+ j—2k

g ~ = ~
b = 24/3i - 2,/3] ++/3k

o |aEy22 +12(-2)2 =3

b =B + (<24B3)2 + (VB)2 =33
2. b = 2(243) +1(-243) + (-2)(3) =0

5>
a.b

0
- =0

.. C0sO = I 3)(3+/3

6=
—v75

e N N ~

L C=b-a=(2-2v3)i+@1+2v3)j+(2-3)k
ICl6

-~ Using law of cosines
a?=b?+c2-2hccos O

= (3)2= (34/3)% + 6% —2(3/3)(6) cos 0

= C059=£ = 6=E
2 6

. N - N

. Hence, perimeter = | 3 |+| b |+| ¢ |

= 3+3/3+6=9+3J3
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e d e d N ~ ~
55. (d)We have | a+2b|=[2a-b | 58. (C) a=i+A1j-2k e
- - 7oe A A d :
— |a+2b=|2a-b[ b =i+11]-10k o/ |
- - - - 2 > :
= (a+2b).(a+2b)=(2a—b).(2a-b) Component of b L a = =
-5 S -5 > 4_3;?1
- > - - -> - - - component of b along
= |dP+4(a.b)+4|bP=4|a P -4(d.b)|+|b _p-Rea a _y (ba)a T ion of @
> > -2
lal |a] la|

%
Given |a|=|b | R LS
Component of b along a =(b-4)a

- -
= |aP+4(a.b)+4|aP=4|al’ -4(a.b)+|a

N
(b.a)a
N
= a.b=0 |a
. - - P > 5
Since, a.b =0& a, b =0, theangle between them is 90°. > 5 > (b.3a)a
~. Componentof b | a=b-—-—
. - . g -2
Given ¢ is parallel to vector a | a|
- . 2 A ~ 1+11+2 - S
The angle between b and ¢ is the same as the =(i+~/11] —10k)—&(|+\/1—11—2k)

(V1% +11+4)?

- -

angle between b and a
o ~ 4T 10k - 2 (4 VET] - 26)
56. (b) a=i-2j+2k & b =9i+6j-18k X o o
=i+11]-10k - 2i — 24/11] + 4k

- = A A A A A A
- _ _ s PO .
Projection of b on & = >2 =?=—13 == 11j-6k =—~(i+1L]+6k)
= -
|2l 59. (b) (a,b)=60°
ab
- .
— - > a.b -39 -13 cosf=—2
Projectionof a on p = —=—=— - 7
e 21 7 lallb]
s c0s60° = 2 (|+22]-;2k).(i|—1+§k) 2
57 (d) Let T =xi+4]+ 2k NE -+ 22 22| |22+ (-2 + ()
—r)Z—O:>X+2y+3z—O (1) :l—w :l—i
2 345+p? 2 3J5+p?
> ..
.b=- - = (D)
r.b=-2=2x-3y+z=-2 =9 5+p2)=(4g)2
= 9p<+45=16
?.E)=6:>3x+y—22=6 ..(iii) :>7B2=45 P
From eq. (i), (ii) and (iii), we get 45 3/5
x=1,y=1,z=-1 :p:iTZiW

- 2 4
r=i+j-k

- -
S A A A A A A A A A 60. (b) a=|alb=|b]|
“r.@i+jrk) =@+ j-k)@i+ j+k)

ERINESTERY
N\ |\

|y

ml\:|9’l«
|
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61.

62.

63.

2abcos0
+ b 222 a® b a2b2

a® p> ab

- =\ - 2 2
a-bMa-b _a” +b” - 2abcos6

a?b? a%b?
_ i+i_2cose
T a2 p?  ab

R

(a) Given, | a|=5, b |=12
-

|a—b |=13

- -
=|aP+|b[>-2|a]| b|cosd=169
—c0s9=0=6 =90°

R
So, [2a+b ]2

-, -, - -
=4|al"+|b|"+4|a]||b|cosb
=100+ 144 +0

9

|2a+b 2 =244

e d _>2
Hence, |2a + b [?=+/244 = 2./61
() --|a+bP=|af +|bf? +2a-b
. 37=9+16+24-b
= 12=2a-b=4a-b=6= |d||b|cos6=6
:>3-4cose=6:>0039=%:9=60°
cla-bP=|af +|bf> -2a-b
= k?2=9+16-12=13

4 N T N
—(ksin0)° =—-k“sin“ 0
Now, 13( ) 13

_ 4 13sin260°= 4.2 =3,
13 4

(€) cosh= (4i - j+2K)-(i+3]-2k) -3

J21x-\14 _7\/5

64.

65.

66.

67.

2 —

sind = 1_[__3] = [1- 9 =ﬁ
7-/6 " 49x6 76
cose<0z>ee(g, n):sin9>0

—3}\/@_—%
76 ) 76 49

sin20 =2co0s0-sin 0 =2><(

- B, 2
(©) alb alcanglebwi&c = o

2

_12b-c —4c-a—12b-c+16/C

2
=1+9+16-24 (1) (1) cos?n = 38

(a) Equation of vector passing through g and parallel
to b is ?=§+k6;
=7 = (2?—}+I2)+}»(€+2}—I2)

r-c
|
+M)+@-)-21-2) 9

J6 J6
= B5A-1=9=A=2.T =4+
Fl = V#7434 (D7 = V2%

(d) |a|=4,|b|=5; |a-b|=3 = |a-b[*=9

Sle

Projection of ¥ on C =

3k

(a-b).(a-b)=9; |a]> —2|4]||b|cosO+|b[>=9
16 +25-2(4) (5) cosd =9

cose=£:>cot9:£- cot29=E
5 3’ 9
(a) Projection of b on g = ab gz__45
af 3

s8]

c-
al

-4 2 -
F5=?(l —2]j+2K); Projection of € on §=(

|

N

-13 -13
G=—"2a .. 13p=4| — | @=44.
q 3 p ( 3 ) q

N \\
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68. (b) The diagonals of parallelogram are represented by - (2-1-3 5Lk
. . . = AL+ )=
(@+b)and (a-b) where & b are adjacent sides of y (4+1+1j( ) )
parallelogram 9=—(2I+]—|2)=—(2I+]—|2)
D _ C
0 g - - ab
d; Angle between a and b is cos 6 = 5‘.‘6‘
A B
d =BC+CD =3 +3j-k (2+5-k).(i-i+3k) 2-1-3 -2
e — A s A cos 0 = = =
d,=BC-CD=i-j+3k V611 J66 /66
o Bd _3-3-3 -3 A
T4 11d,] V1911 209 Take square both sides cos? 0=c5 ..(0)
4200 ~10+2 4 1
sinf=—— = tanb = : 2 = —(1+1+9)+=(4+1+1
209 3 Now,x? + 2 = 375 (L+1+9) +g(4+1+1)
69. (a) |a|=8|b|=3;a-b=0 (242 Ax2_68
Y= 33x2 " 66
5 R _ (5 _ R\ (5_ oK =12 2 s R
|d—2b|"=(a-2b)-(@a-2b) =|a|"+4|b|°-4a-b
— - . 15 oR 4
=64+36=100 . |a-2b|=10. X2 +y?=17 % §=17c0529 {from (i)

70. (d) |a-bJ?+|a+2b[>=20 _ . .
72. (a) Given @a=i-2j-2k and b=2i-3j+k now

component of [ perpendicular to 3 is given as
= |a|? -2a-b+|b > +|a]> +4a-b+4|b =20 (4B
=b-|—|d
&l

= (d-b)-(@-b)+(a+2b)-(a+2b)=20

= 2|a?+5|b?+24-b=20
= 2(1)% +5(2)% + 2(1)(2) cosH = 20

T (i—23—2|2).(2i—3]+|2) " 3 ©
_ = (2i-3j+k)- i-2j-2k
:>22+4cose=20:>c059=71 9=%- ( 19 [ (V1+4+4)* J( =21
71. (a) Given a=2i+j—K, b=i—j+3k =2i-3‘j+|2-§(i‘-2]-2|2)
- |ab |-
Then, X=|—1|b 1, - = n
‘6‘2 = §(4| —5]+7k)
73. (d) Given vectorsare 2i — j+2k and af +4] +bk.
o | R g (27 1+ 28] (af +47 +5€)
= - —— 7| J Take, cos0 =
(\/((1) +(-1)"+(3) )) 22+(_1)2+22 [42 4 42 1+ 12
I D D
= ——— |[I=j+3K]). x ="%(7_] 2(a-2
X (1+1+9)J(' I+ ),X—ll(' J+3k) :%z%=>\/a2+b2+16=((a+b)—2)
o 3va“ +b“ +16
;- ﬁ FR (2I+J—k).(l—l+3k) (2?4_]_'2) a2+b2+16=(a+ b2 +4-4(a+h)
el (@ +@"+(-1°) — 4a+4b+12=2ab=2@a+b+3)=ab

N\ |\



74,

75.

76.

77.

78.

79.

(d) Now AB=O0B-O0A =4i+7j-6k

CD =0D-0C =-8i —-14j+12k

Now AB-CD =+/16 + 49+ 36 -/64 +196 +144 cos 6

= -202=2x101cos6 = cosO=-1=cosn=0=m

(©) W have &-5 =|a6[cos0 =1 V3[B|s = [f -
Since components of f w.r.t (f i, IZ) be integers

jtk

H+

=+

[ox]

Also a.b=1 therefore take one negative sign.

So, b=i+j—korb=i—-j+k orb=—i+j+
Hence, three possible vectors.
() -~ 1=b-c=1-6-2=-7; m

Now, mb +1a=2(F -2 +k)+(- )(

77>

= —5i —11j -5k
-5 -11 -5

Then[m5+lé b JJz 1 -2 1 =-63
2 1 -1

0.1+ (=3)(0) + 2(-2)
02 +(=3)2 + 221 +07 + (-2)?

0= cos” [ }

(b) Given 3 +

~4

- 65

(b) cos 6=
J

= (@+b+C)?=@+b+C)@+b+0)

5‘2 +|6|2 +2(3 b+

12
= |+

= F+4L+22+ 2(5.
= a-

a
-29

= > +2_(3+4+2):M=1

2 2
b
?

Q)

(c) The orthogonal projection of 3 onp IS X = 6

O'l

And the orthogonal projection of b on @ is y=——3a

m| <]

b _
af?

80.

81.

82.

(b a
ib =
(|b|2 |a|2J

d=i+2j-2kandb =2 — ] -2k
—b=—i+3jandab=2-2+4=4

g o o 2 4 4 ~ ~
and |aP=9= b~ X-Y=(- +3])§=§(_| +3j)

4
So, |X_y|=§\/ﬁ

-7 . . - N -
(b) d is perpendicular to both a and b, then d
o
must be parallel to ax b

- -> >
So, d =A(axb)

~ ~ A

N i j k o
(axb)=1 -1 1|=4i+3j-k
1 -2 -2

5
Given | d><6>|=14
=|A|.|(4 3,-1) % (6,3,-2)| =

A 1(=3,2,-6)| =
Al J9+4+36=14
|A|=2
_)
. d =+2(4,3,-1)=(8,6,-2) or (-8, =6, 2)
2>
d.C =(8,6,-2). (6, 3,-2)=70
2>
or d.¢ =(-8,-6,-2).(6,3,-2) =-70
2 >
|d.c| =70
- -
(b) A=2a+3b-C,B=a-2b+3¢c.
> 7 > > 7 >
C=3a+4b-2c,D=a-6b+6¢C
—> - —> -
AB =-a-5b+4C,AC=a+b-¢
—> > 7 >
AD =—-a-9b+7c
-1 -5 4
—_— —> —>
[AB AC AD]=|1 1 -1
-1 9 7
= 1[7-9]1+5[7-1]+4[-9+1]
=2+30-32=0

— > A A ~ ~ A n
(d) a+2b=(-2]-2Kk)+2(2i + j+2k)

= 5i + 2k

N \\
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5 0o

3a-b =3(1-2j-2k)-(2i+j+2k) =i-7j -8k

- -
S0, (a+2b)x(3a-b)

i j k
=5 0 2
1 -7 -8
=141+ 42 -35k

83. (b) da=i+2j+k;b=31-j+k)

Let C=xi +yj+2k . Given axc=b

Pj ok
=1 2 1]=3(0-]+k)

X y z
On comparing 2z -y =3...(i); z—x =3
y — 2x = 3...(iii); Also, 3¢ =3
=>X+2y+z=3
From (ii) and (iv) x +y =0
From (iii) and (iv)
x=-1,y=1,2=2;

]k
Now, Exb=|-1 1 2
3

A(Exb-b—C)=(+2]+k).(9f +9] -3 +

...(ii)

..(iv)
(V)

3] -3k +i—]—2k)

= (T +2]+K).(77 +11] -5k) =7+22-5=24
84. (c) Here @-b=4 = 4=1/8+p? x7cos0

4 _ \/376 + 49p?
= S0z ———— =>siInf= ————
7y/8+p? 74/8+p?

Now |axb|=|a|b]||sin6|

\/376+49p?

748+ p?
= 25x17=376+49p? =>p?’=1= p= +1
85. (c) Itisgiven that, p=2f

= 517 =/8+p? x7x

3]+k q—|+J—
—3j+k).(i+j—k) =2_-3-1=22
=J4+9+1=+14

pg=(2

| pl(2% +(-3)2 + )2

86.

87.

1gl= 2+ @)% + ()% =V1+1+1=43

Now, a = orthogonal projections of p on g

- P4 q=—<i‘+i—|2)
lq]

b = orthogonal projections of q on p

_9p

== p=—(2f—3j+|2)
Ipl

Now, axb=4iz(i‘+i—|2)x(zi‘—3i+|2)

4iA Pk 4
=1 1 “="[a-3)-ja+i)+k(-3-2
2 2[l( ) — J(@L+1)+K( )]
2 3 1

=4iz(—2i‘—3i—5|2) and ab =4iz(i‘+i‘—|2)(2i‘—3j+|2)

4 4 -8
=—[(11-1).2,-31] =—(2-3-1) =—
42[( )-( )] 42( ) e
4-2i-3j-5k)
axb 42 _ 21 +3j+5k
ab -8 2
42

(a) We have,

=[abc] =1 .
Similarly, (b+¢).g=(C+a)F=1
a=1+1+1=3
Now, (a+b).(b+¢)x(a+b +¢)
=[a+bb+¢ a+b+¢c]
110
=10 1 1[abc]
111

=[1(1-1)-1(0-1)][abc] =[ab¢c]

and b.(dxc)=[ba c]=-[abc]
[abC] =—1. (X+B:3_1=2
—[abc]

(c) ltisgiven that, a+1b+12¢ =0
- @xb =12(bxc) and cxa=I(bxc)

and axb =1(¢xa) and it is also given that,

N\ |\



88.

89.

90.

axb+bxc+cxa=3(0

X
Ol
~

= 12(bxc)+I(bxc)=2(bxc) =PP+1-2=0

.. -D 9
Here minimum value of | = —=——
4a 4
(d) Given d=1i+ j+k Let vector b =bi +b,]j+bK,
then 3.b =b, + b, + b, = 1 (given) ..(i)
i ] K
dxb=[1 1 1
q a4 A
Hence, axb = (b, —b,)i + (b, —b;)] + (b, —b )k
= j—k (Given)

So,b,=b,;, b, =b;+1landb, =b,+1 .. (i)
From Egs. (i) and (ii), we get (b; + 1) + by + by =1
=b;=0=b, andb, =1.S0, b =1

Hence, option (d) is correct.

(c) Given vectorsare d=i +2j—k,d=i+]+k
Now, find cross product of & andb .

k

~1|=31-2]-k

1 1

Cross triple product is

[4 b B]= p.(axb) = B- (3 -2j - k)

N =

i
axb =1
1

[ab pl=|p|laxb| cos e (i)
[4 b €] is maximum when cos 6 = 1
— &_ixg _ 1 ~ 2 ~
i p= — = 3' —2 —k
From (i), axb |’ p \/1—4( j—k)

(b) Given that, a=xi +yj +zk

@@xD)@ + D+ (@x N +K) +@xk)(K+1)

=(axi)i +(@xi)j+(@x])j+@x Hk
+axk)k + @xKk)i

=[aii]+[ai j1+[a] j1+[aik]+[akk]+[aki]

(- (axb)c=[abc])
=[ai 1+[ajkl+[akil [-[aii]=[a]]]=[akk]=0]
=a-(ix ) +a-(jxk)+a-(kxi)
—a-k+a-d+a-j=a-(+]+k)

=X+ Y] +2K)- (T + J+K) =X+ y+2.

91.

92.

93.

94,

95.

(c) Given that, a, b, c are unit vector

= |a|=|b|=|c|=1anda+b+c=0, ezg

Now,a+b+c=0;ax(a+b+c¢c)=0

axataxb+axc=0;axb=cxa

laxb|=|cxa]

Similarly, [axb|=|bxc|
laxb|+|bxc|+|cxa|=3|axb]

n 33

= in® =3x1x1lxsin—=——
3lallb]sin6 33

c=xi+(x-2)j—k
Since, the given vectors are coplanar, therefore
[abc]=0

1 1 1
1 -1 2(=0
X x-2 -1

11-2x+4)-1(-1-2x) +1(x—2+x)=0;

5-2Xx+1+2Xx+2x-2=0;2x+4=0 SOoX = =2
(© coso= 2D _ 12 _3
“"‘Hb‘ 10x2 5

.'.sine=mz 1_i=f

25 5

Jaxb
o
(b) We know that volume of parallelopiped

= (> -
a-[bxc)

0
1
1

4 |axb
5 10x2

sino=1— | — :‘5><B‘=%><20=16

[y

1
0 l=00-1)-1(0-1)+1(1-0)

10

=0+ 1+1=2cu.units.

(c) a+2b+3¢ =0 ()
(a+2b+3¢c)xb =G
— dxb+0+3Cxb
axb = 3(bxc)
from eqgn (i)
(a+2b+3¢)xC =0

~

=0
...(ii)

AxC+2(bxc)+0=10

N \\



96.

97.

98.

99.

100.

MHT-CET-Mathematics

= txd = 2(bx¢)

Now, (& x b) + (b x€) + (C x &)

= 3(bx )+ (b xE) +2(b+¢)

= (@xb)+ (bxC¢)+(C+a) = 6(bxc)
Also, given (a x b) + (b x ) + (€ +4)

= A(b x©)

from equation (iv) & (v), we get :

A=6

() [axbf +[a-B* =144

|a |? |5 sin?6 + |a |” [5|* cos? 6 = 144
= |3 *|p|* (sin?6 + cos? 6) = 144

— 16 =144 = |6’ = 9

= |B| =3.

(d) |axbf?+|a-b*=36.

= (|d||b|sin0)?+(&|b|cos6)? =36
= (|a||b[)?(sin? 0 + cos? 0) = 36

= (3|b[)2=36=|b|=2
. Vg
(c) Givenarea=15=axb|[*=15
- — - —
Now, |[(3a+2b)x(a+3b)|
- - -> o
=|9(axb)+2(bxa)|.

_|9(axb)—2(axb)|=|7(axb)]
—7(15)=105

- -
(d) |al=16,b =4
- - - -
\/laxb|2+|a-b|2

-, >
=\/| a | b (sin®60+cos?0)

- -
=lallbl-64

g ~ ~ A A ~
(b)y a=i1+2j+k,b=-2i+j+3k

- -
Unit vector perpendicularto a and b both

...(iii)

(iv)

(V)

N i jk o
(axb)=[|1 2 1|=5i-5j+5k
-2 13

- -
o |axb|=+/25+25+25 =53

A=+

- -
(axb) =ii3(f—j+|2)

- -
laxb] V3

PREVIOUS YEARS MCQs

AN

(€)  (@+b+¢).[(A-C)xa—b]=—3[Ebc]

(d) 4.(bxc)=0forany value of m

(a) Let A, B, C are the vertices of a A whose position
vectorsare a, b and ¢ respectivety. Let G be the centroid

of AABC. .. Centroid of triangle (G) = a+b+c

Consider, GA +GB + GC

(= a+b+c) (- a+b+c) (- a+b+c)
=|a-— +|b——— | +| C~-
3 3 )73

=%[25—6—6+26—5—6+26—5—5]:o.

(b) d=i+2j-3k b=2i-3j-5k

d-D=-i+5j+2k =|da—b|=1+25+4 =+/30

|alE1+4+9=+14 |b|=v4+9+25=38
|a-b|>|b|-|a|

(a) A vector in the plane of a and p is
U=a+ib=(1+1)i+(2-2)j+L+1)k.

Projection of 4 on c=—— = 4¢_1
V3 |cl 3
= uc=1= [1+r+2-A-1-A|=1
= [2-A|=1 = A=1lo0r3

= Uu=2i+j+2k or 4i—j+4k.

(a) Given a=f+]+k

5=f+3]+5l2

C=7i+9]+11k

Then, §+5:2f+4i+6lz

and b +¢ =8f +12] +16k

N\ |\



10.

1 L
Area of parallelogram = 3 [(@+b)x(b+C)]|

=%|2(f+2i+3|2)x4(2f+3j+4|2)|

=g|(f+2]+3I2)x(2f+3i+4I2)|
k

=4 +2] K|

3 4

= 41+4+1 =46 SQ. units.

N

i
=41
2

(a) Bytriangle law of vector addition AB +BC = AC

C

A
or AB+BC=-CA
oo AB+BC+CA=0.

Y
©

(b) If a+\b is perpendicular to a— b, then
(a+Ab).(a—1b) =|a+Ab|la—Ab|.cos90°

= (a+Ab).(a—rb) =0

= a.a-i.a.b+rb.a-12bb=0

2 2
= a2-A%2=0 :mZ:Z—Z ==

42
3
= = —
A 1
(a) Equating the components in

oc(f+2Aj+3IA<)+[3(2i+3Aj+IA<)+y(3i+]+2IA<)
=-3(i—k) , we have

o+2B+3y=-3

200+3B+y=0

30+B+2y=3

Solving the equations (i), (ii), & (iii), we get
a=2pB=-1y=-1.

(&) We have, [Zx b bxc Cx 5)]

= (axDb). {(FX S)x(cx a)}

{

=) | -0

(where m=

(i)
(i)
....(iii)

> o

bxc)

11.

12.

13.

14.

—{(axb).c}{(a-(bxc)} =[a b c]?=42=16 -
(a) By definition of scalar triple product
d-(b=C) can be written as [4 b €]

a(bxc) b.(axc) _[ab
(xd)b c.(axb) [ca

but [pac]=-|abe
(b) Let x=+/3(axb) and y=b—(a-b)a
clearly x-y=0=>x and y are perpendicular

So, one angle is g Also | x |=~/3 | bsin®|, where @ is

angle between vectors @ and b (|d|=1)

91 [b-Ghap = b @b)

v
=+b? —b%cosh =| bsino| "\
9
X
l—)f|=\@=tana:>a=E.So, B=%
Iyl 3

(d) We can write the given expression
={0.(p < @)} 3. (p x )}i+{k.(p x )}k
=pxq

Since for any vector 3,
a=(a.)i+(a.p)j+(a.k)k

© |al= bl=|c|=1

b =) (1) cos®=cos6 and C.a=cosO, b.c=cosd

o |
o |
o |
ol
o |
ol

1 cosO coso
=|cosO 1 cos0
cosO cosO 1

olo
olo

Operate Rl d Rl + Rz + R3

1 1 1
=(1+2cos0)cos®6 1 cosO
cos® cos® 1

Operate C2 —> C2 _Cl; C3 4 C3 _Cl

N \\



15.

16.

17.

MHT-CET-Mathematics

1 0 0
=(1+2co0s0)|cos® 1-cosO 0
cos 0 0 1-cos®

=1+ 2cos(%))(1—cos€))2
. [a b cl=(—cosO)y1+2c0s0

(c) "+ d+b,b+C and ¢ + 4 are coterminous edges of a
parallelopiped.

Then, its volume ()=[a+b b+c c+a]

We know, scalar triple product

[ab c]=a.(bxc)=(axh).c

Consider [a+b b+c c+a]

=(a+b) . {(b+c) x (c+a)}

= (a+Db).{(bxc)+(bxa) +(Cxc)+(cxa)}

=(a+b) . {(bxc) +(bxa) +(cxa)} (€ x ¢ =0)

=a.(bxc) +a.(bxa)+a.(cxa)
+b.(bxc)+b.(bxa)+b.(cxa)

18.

19.

20.

=2]d|.|bxc|cos0® (- & & (bxt) are parallel)
=2|3|-|bx¢| =2|a| b|||sin90°
=2(1) (9 () =12
(d) PQ=(-1y-54-X)

QR=(2, 8-y, -4)
-+ P, Q, R are collinear
.71 y-5_4-x
T2 8-y 4
=-8+y=2y-10& 4 =8-2x
=>y=2&X=2

(¢) Wehave,O(0,0,0),P(2,3,4),Q(1,2,3)and R (x,
y, z) are coplanar.

x-0 y-0 z-0

So, |2-0 3-0 4-0(=0
1-0 2-0 3-0
Xy z

= |2 3 4|=0
1 2 3

= Xx(9-8)-y(6-4)+2(4-3)=0
= X-2y+z=0

(c) Given, a=i +j-2k,b = 2i—j+ k ¢ =3i-k
and € =ma+nb

As, 3i—k =m(i + j-2k) +n(2i-] + K)

= 3i-k= (m+ 2n)f+(m—n)]+ (-2m + n)lz

After equating the coefficient of i, j and k, on both sides
respectively, we get

3=m+2n,0=m-nand-1=-2m + n
=3=n+2n=n=1

—>m=1landn=1

=>m+n=1+1=2

Let A(D),B(b),C(T)

-
+

ol

The position vector of D is




E is mid point of AD, then position vector of E is

22. (b) (2-b)=3-6j+2k

- >
b+c () . o I
4 Then, the required vector in the direction of (a—b) is
Let F divides AC in ratio P : 1. - =
N 28-@=§(3i—6]+2|2)=12i—24j+8k
%
Position vector of Fis F C . la—b |
P+1 A A
Let E divides BF in the ratioq : 1 23. (b) AB=2i+3j-6k; BC=6i—-2]+3k
qPE) N AC =AB+BC =8i+)-3k
Position vector of E is P +1 ...(ii) A
q+1
Equating position vector of E of (i) and (ii),
- - - = B C
bzc = q;; +1§’((P +1)1) Perimeter of AABC
+1)(q+ S
a =| AB|+|BC | +| AC |=14+/74.
1 N a A A A A~ A n
Wegetq=3,P= 2 24. (a) ai+j+3k, 4i+5j+k and 4i +2j+6k
are coplanar then
Then AF:FC > 1:2 > o0 =2 a1
AT FL=227Ac 2 4 5 1=0=18a-36=0=a=2
4 2 6
FC_2 AC 3 AF 1 . A
2 1 AF 1 AC 3 25. () AB=i+5]j—4k, BC=-5 —4]—k

AC =—4i + ]-5k .. | AB|=|BC |=| AC |=/42

~. A B, C form an equilateral triangle.

N \\



Line and Plane

WARM-UP

Topic-wise MCQs

(b) Position vector of line segment = 2 +3j + 6k

length = 22 432162 = /49 =7 units

(d) Directionratiosare<a+b,b+c,c+a>
Then, direction cosine,

(a+b)

| =
J@+b)2 +(b+c)? +(c +a)?

(b+c)

m=
J@+b)2+(b+c)? +(c+a)?

ne (c+a)
J@+b)? +(b+c)? +(c +a)?

Sum of squares of direction cosines

222 (a+b)? +(b+c)? +(c+a)?

+m°+n° = =1
(a+b)? +(b+c)? +(c+a)?
a b c
b) As = = » Hence lines are
(1/bc) (1/ca) (1/ab)
parallel.

d) (k, k, k) isdirection cosines of a line. Then,
k2 +k?+k?=1

= 3k2=1 :>k=iri3

1
) I=cosQO°=0,m=cosGO°=E

v 2+m2+n2=1 :%+n2=1:>n=73

V3

T T
C0Sf=—=C0S—=0=—

6 6
(d) Let the locus point P (%, y, 2)
.. Distance of P (x, y, z) from XY-plane s |z|

Distance of P (x, y, 2) from the Z-axis is \/x2 + y2

According to question,
|Z|=2 X2 +y2 :>4X2+4y2—22=0

(c) LetA(—4,9,K), B(-1, 6, K)and C(0, 7, 10)
AB?=(-1+4)2+(6-9)2+ (K-K)2 =18
BC2=(0+1)?+ (7-6)2+ (10-K)2 =2 + (10— K)?
AC2=(0+4)%+(7-9)2+ (10 -K)? =20+ (10— K)?
Case 1: AB=BCand AC2=AB?+BC2
18=2+(10-K)2=K=6and 14

K =6 and K = 14 satisfy AC2= AB? + BC?

Case 2 : AB=AC and BC2=AB2+ AC?

18 =20+ (10 - K)2= (10 — K)% = -2 (Not possible)
Case 3:BC#ACas2+ (10— K)2# 20 + (10 - K)?
.. Two values of K are 6 and 14.

(a) ¢ =cos 60° = %?m=C°S45°=i,n=cose

NE

11
Perm2+n? =1 :>Z+§+00526=1

1 1
cos20=1- =—:>cos@=§ (--0 isacute)

4

alw

= 6=60°=tan 60° = /3

@ AB=(2+1%+(3-2)2+(1-3) =438

BC=(38-2)2+(1+3?2+(-2-1)? =26

AC= \[3+1)? +(1-2)2 +(-2-3)> =42

Since sum any two side is greater than third side and all
sides are different.
So, points form scalene triangle.

1 1
@ I=cos§=—;m=cos£=—

J2 3 2

12+ m? +n? =1:1+1+n2 =1
2 4

, 1 1
>n =—=n==
4 2

N |-

11
.. Direction cosines are E’?

N\ |\




Line and Plane

11.

12.

13.

14.

d A=(0,4,-3),B=(5,0,12),C=(7,24,0)

B

A 0 C

AB =5i—4] +15k
AC =7i+20] +3k

ABAC 35-80+45

0s0=—F——=—7———=0
‘ABHAC‘ ‘ABHAC‘
0=90°
(@ Givelinesare X;3 = y;2 = z_—11 and

Xx+3 y-6 z-5
2 1 3
Lines passes through the points & =(3, 2,1) and
d,=(-3,6,5,b =2 +3] -k
by=2+]—3k, a—a =61 —4j—4k
| (82— &)(by xby) |
| (by > by) |

Shortest Distance =

i] ok
byxb, =[2 3 -1 =100 -8]-4k
2 1 3

(8,—&)- (b xb,) =60+ 32+16=108

| by xb, | =+/100+ 64 +16 =~/180

_ 108 _108 _18
V180 645 5

(c) Thedirection cosines of the line are cos6, cos, cosd

€052 0 +cos? B+cos? 0=1=2cos? 0 =sin’ B =3sin’0

= 2c0s20=3-3c0s?0 ..cos20 =%

(@ Givend’c’softwo linesare ¢, m, n connected by the
relations /+m+n=0and /m=0

Now, /+m+n=0= /(=-m-n = (=—(mM+n)
and /m=0=-(M+n)m=0 =>-mm-mn=0

mm =-mn; Thereforemandm+n=0

15.

16.

17.

18.

Then ﬁ:ﬂ:

1 %andif£+m+n=0then

lp My M

0 -1 1

(¢4, my,n)=(=1,0,1)and (¢, m,,n,)=(0,-1,1)
We know that angle between them

0+0+1 1 1

cosQ = = = -
0 V1104104141 V242 2

1 Y
cosQ = 5 =c0s60° = g =60°= ¢ :§
(c) LetD.R'sof AB=<11, 2>
AC <+/3-1,-3-14>;

BC=<-/3-1,3-1 4>

So CosA:M:l:A:GOO
V6 V24 2
-3+1-3+1+16 12

and cosC=—————"—="=C =60°
24 24 24

Obviously B =60°

.. Triangle will be an equilateral.

(b) Weknowthatdr’s of z-axis are (0, 0, 1)

So, dr’s of the required lineare 0,0 and 1

Now, equation of the line passing through (a, b, c) and

x—azy—bzz—c

havingdr’s0,0and 1 is 0 0 1

(b) Weknowthat, cos? o+ cos? +cos? y =1 ...(i)
Now; cos(a. + ) cos(c —B) = cos? o.—sin? B

=c0s? o+ cos? B—1=1-cos? y—1=—cos?y

(@ We have,

cos? o+ cos? B+ cos? y=1 0!
= 2082 o, + 2c0s2 B + 2c0s2y = 2

= 2c0s? o.—1+2c0os?B—-1+2c0s2y-1=2-3

= €0S 20 + €03 2P + cos2y = — 1

Hence statement | is correct.

and now from (i),
1-sin2a+1-sin?B+1-siny=1

=sinZ o +sin? B +sin2y=2

Hence, only statement I is correct.

N \\



19.

20.

21.

22.

MHT-CET-Mathematics

() A(0,0,0),B(a0,0),C(0,b,0),D(0,0,c)
Let the equidistant point be P(x, y, z)
i.e, AP=BP, AP=CP, AP=DP

= J(x=0)2 +(y—0)? +(z-0)?

=\/(x—a)2+y2+z2

= x> +y?+7? =(x—a)2+y2+z2

=x2=x?-2ax+&
—=a’-2ax=0
=a(@-2x)=0

; a
Sincea=0,a=2x=> x=E

- . c
Similarly, wewillget y=—,z2=—

b
>’
b) Letx-1=(y-3)=1-

2
z=k (Say)
k
.'.I=k,m=E andn=k

FromI2+m2+n2=1
2
k) 2
2,12 2= - =
k +(2 +k 1=k 3

2 1 2
~l==,m=>andn== - 14+m4+n*
3 M=z andn=3

ERCHO
== +|=| +|=| ==
3 3 3 27
k P(x,y, 7)

@ AL, 2,3) 1
LetAP:BP=Kk:1

B(2.10.

k+3 -
_+ k:2

7= -~
ktl 3

Soratio is 2 : 3externally. 25,

NOWX_2><2—3><1_ .

't 2.3 T
_ 2x10-3x2
B 2-3

=-14

=x+y=-15

b) Givenl+2m+n=0
and2l-2m+3n=0
From (i)

I=—2m-n

()
(i)

..(ii)

23.

24.

Substitute (iii) in (ii)

2(-2m-n)-2m+3n=0
-4dm-2n-2m+3n=0=-6m+n=0=n=6m
From (iii) we get, |=—2m-n=-2m-6m=-8m

| m n

8m m 6m

1 _m_n 12 +m? +n? 1
-8 1 6 \/(—8)2 +(1)2 +(6)2 4/101
o 8 . 1 e 6
Hence, 12 +m2 —n2 _ 64 1 36 _29

101 101 101 101

@ Ifaja,+ b;b, + c,c, =0 then both lines are perpen-
dicular.

2+ (3)(2)+4(3)+3(-2)=-6+12-6=0

So, option (a) is satisfy the condition.

(d) The YZ-plane divides the line segnment AB in the ratio
2:3. X coordinate is:

0 30+203)

243 =3a=-6=a=-2

The ZX-plane divides the line segment AB in the ratio 4 : 5.

S@4p_ o

. 0=
Y coordinates is: 1.5

.. Point C divides AB externally in the ratio—2: -5
Coordinates of point C:
(5(—2) —2(3) 5(4)-2(-5) 5(7)-2(8) j

5-2 ' 5-2 ' 5-2

. . -16 , 19
Coordinates of point C 7’10’3

8 mp+2n m 2

@ 5 men 0 55p -0

-1_m(=2)+np _m _1+5p .
and 5 msn :>n 5 (D)
From (i) and (ii),
i—ﬂ 52 70+2=0
g—sp g P TIPTeT

2 L

:>p=10rp=§ (- pisinteger)

m_2 2 3men_

n 85 3 35 - P
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Line and Plane

26.

217.

28.

s-X11/119

@ 2l1+m-n=0=n=2l+m
Substitute in 12— 2m2+n?2=0
2—2m2+ (21 + m)2=0
2-2m?2+ 41+ m?2+4Im=0
512—m2+4Im=0
Divide by m?

12 (] |
5(—) +4(—)—1=0(Iet—=XJ
m m m

5x2+4x-1=0

5x2+(5-1)x-1=0
5x(x+1)-1(x+1)=0

|
When —=-1
m

I=—m,-2m+m-n=0 =n=-m
SoDr’sofl,m,nare-1,1,-10or1,-1,1

Wh L1

enm 5

m 2m m
l=——+m=n=>n=—

5 5 5
Drsoflmnls5 5|e157
oS0 — (Ax1+(-1)x5+1x7) (1-5+7) _l

V3x\49+25+1 3 75 5

@ AB= J2-12+(-1+3) +(1+5)° =4l

BC=+/(3-1)2 + (- 4+3)? + (- 4+5) =6

AC=(2-3)7 +(-1+4)? + (1+4)* =35
ABZ - BC2 +AC2
So AABC isrighttriangle

. __AB Y41
. Circumradius= —=——

2 2
r-1 +2

() Mid-pointof BC = 0 4, “T

Direction ratios of median

=(u—2 4oz hr2_
2 2

)z(kzsl 28)

Since median equally inclined to the coordinate axes So,

directionratioare (1, 1, 1).

Ao 5—1:7» 7and—8—1:u 10

. 10A-7p =70-70=0

29.

30.

31.

32.

(@ Let, the point in the xy-plane be P(x, y, 0).
Since, PA2= PB?
(x=2)*+ (y=0)2+(0-3)*= (x=0)?+ (y~3)*+ (0-2)
SX—AX+4+y2+9=x2+y2 -6y +9+4
—=>-4x+13=-6y+13
=2X=3y

. PB?=PC?2
(k= 012+ (y— 3+ (0~ 2= (x=0)2+ (y—0F + (0 1)2
SX2+Y2 -6y +9+4=x2+y?+1
=-6y+13=1=y=2
Also, x=3
Hence, co-ordinates of the point are (3, 2, 0).

(c) Let, 31 =(-2,2)

N
d2=(-2,3,-6)
i) K
> >
sdixdo=l1 -2 2
-2 3 -6
=61 +2] -k

Hence, direction ratios of the line perpendicular to |, and
I,are (6,2,-1).

(c) For the X-axis: a = (1,0,0),| a |=1
-
a _
-
la|

- -
For the other line: b =(3,-1,5),| b |=~/35

So, =(10,0)

We know, the direction vector of the external bisector is

N -
R
d-| 2 b

-

EINEY

> (J35-3 1
:d_[T’E’_ SJ

@ A@012),B(2,-1,3),C(1,-3,1)

Here, AC = 3v2, AB=3,BC=3
“+ (AB)Y2+ (BC)? = (AC)?

N \\



33.

34.

35.

36.
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= AABC s right angled triangle.
.. Now, circumcentre = Midpoint of Aand C

_(EEE)_(E _1§)
27272 ) 12072

and orthocentre = pointB=B (2, -1, 3)
Therefore, distance between circumcentre and orthocentre

— g+0+2 :i
“\g 4 2

(b) Given,1-2m+n=0=1=2m-n
S Im+10mn-2nl=0
= @2m-n)m+10mn-2n(2m-n)=0
= 2m?+5mn +2n?=0

2
. Z(EJ +5(m)+2 -0
n n

=22+5x+2=0

= @2x+1)(x+2)=0

(Letx=mj
n

= X=-2morm=-2n.
Case I: Ifn=-2mthend.r’s(4,1,-2)
Case ll: Ifm=-2nthend.r’s(-5,-2,1)

4-5)+1(-2)+(-2) | 8
IV16+1+4 J25+4+1 70

(d) -+ The line make an obtuse angle with the x-axis.
This means | is negative but a = 3 is positive so take
negative sign for all I, mandn.

Now, cos 6 =

| a -3 2 -6
TS 5, 5, s :M=—andnN=—
va?+b?+c? 7 7 7

The components are :

x=length x=-27;y=18andz=-54.

(@ LetP(0,-7,1)divides the line segment joining
(2,-5,3)and (-1,-8,0) in A : 1ratiointernally.

L0=2F2 0
A+l
. Q(a, B, y) divides the line segment in A : 1 externally
-4 -11 -3
1Py = e e —4,—11,—3
Q) =3 5 g |- 411

=a-B+y=-4+11-3=4

(c) Letpoint B divide the line segment joining Aand C
intheratioA: 1.

}“(Xl + kf) + X

X1+4k€ =
A+l

= 3klh+4kli=0=>A=-4/3

37.

38.

39.

(o) y
N
C(1,1,0)
B|(1, 1, 1)
X
¢}
A
0,0,1)
z
A% = Diagonal of one face which is cotermines = f+]
— . S
AC = Diagonal of cube = i+ j—k
—> >
B.AC
cosH=
—>
| AB||AC]|
2 (2
cosf = =0=cos | —
258 (@J
(d) Letthe coordinates of third vertex Cis (a, b, ¢)

A(1,-4,2),B(3,1,0),6(1,0,1)

1+3+a

Then 1 ; ,0=—4+1+b’1=2+0+c

3 3

a=-1,b=3,c=1
c(-1,3,1)
AGZ2+CG2=17+13=30
BG2=6

- AG2=5BG2

©) PG, 4, 0)

Distance of P from x-axis = /16 + o?

Distance of P from y-axis = /g | ;2

Distance of P from z-axis = /25 =5

Z=16+0? +y9+0? +5
For max & min.

dz  2a N 20
do o16+0?  2v9+02

d—z—oc[ L + L ]>0
do \/16+oc2 \/9+oc2
For minimumofz, =0

sec0=1

N\ |\



Line and Plane

40.

41.

d Here OP=vh?+k®+12=p
DRsof OP are :
h k |

Jh2 k2412 VhZ k2412 JR2 1 k2 412

Since OP is normal to the plane, therefore, equation of 42

plane is

£X+£py+l_p2= p or hx+ky+lz= p?

p
)

(o’ O\J, B(O, pTz’ 0) C(O, 0,

s AU’T, 0,

Now, Areaof AABC, A=, A2 +AZ +A2

Where, Afy is area of projection of AABC on xy plane
=area of AAOB

p?)

)

p?/h 0 1

1
Now, Axy = E 0
0 0 1

p4
21Kl |

Similarly, A, = and A, = 21|

. A2 _ A2 2 2 p°

AT = Ay + AL+ Ay A:m
d) GivenA(1,2,3),B(-1, —2,-1)and C(2, 3,2), Let D be
(o, B, y). Since ABCD is a parallelogram, diagonals AC and
BD bisect each other i.e., mid-point of segment AC is same

as mid-point of segment BD.

(1+2 2+3 3+2) (oc—l B-2 y—l)
= =

2 22 22" 2
= a-1=3,p-2=5,y-1=5
= a=4,p=7,y=6
Hence, the point D is (4, 7, 6).
We have C(2, 3, 2) and D(4, 7, 6).
Equation of line CD is

43.

X-2 y-3 z-2

4-2 7-3 6-2
N X-2 y-3 z-2

2 4 4
. X=2 y-3 z-2, ) . .
ie., 1 - 5 - is the required equation of line.

@ AB=y(2-2)%+(5+1)%+1-1)% =6

AC =/(2-0)2 +(-1+2)% + (1-3)% =3

D divides BC in rati AB_6_2
Ivides In ratio AC 3 1
D 2-(0)+1(2) 2(-2)+1(s) 2(3)+1(1)
241 " 241 " 241
o-(247)
3'3'3

2 2 2
.. AD = (E—Zj +(1+1j +(Z—1J =i
3 3 3 NE)
(@ Fromthefirstrelation, | = 5m—3n. Putting this
value of | in second relation:
7(5m-3n)2 +5m?-3n% =0
= 180m? —210mn +60n2 =0

or 6m?—7mn+2n2 =0

Note that it, being quadratic in m, n, gives two sets of
values of m, n, and hence gives the d.r.s. of two lines.
Nowy, factorising it, we get

6m? —3mn +4mn+2n =0 or (2m-n) (3M-2n) =0
= either2m-n=0, or 3m-2n=0

Taking 2m—n=0we get2m =n.

Also putting m =n/2 in | =5m - 3n, we get
I1=(5n/2)-3n = I=-n/2 = n=-2I

Thus, weget,-2l=2m=n or Ll =

= d.r.s.ofonelineare-1, 1, 2.
Hence, the d,c,s. of one line are

#wdl HwE

2n
Taking3m-2n=0,we get3m=2n orm= 3

Putting this value in | = 5m - 3n, we obtain

I=5x2—n—3n 1 orn=23l
3 3

Thus =M _pl_m_n
2 1723
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= thed.r’.ss ofthe second line are 1, 2, 3; and hence d.c.s. diagonals are OP and AD and Acute anngle = 0
ofsecond line are {iii} or {__1__2‘_3} | |
J1a 1414 J14 1a 14 s o a8, +byby +¢1Cy
44. (b) Let the line makes an angle 6 with the positive ‘\/alz +bf+c? \/a§ +bZ +C§‘
direction of z-axis. Given that lines makes angle % with a(-a) + (2)@) + (a)(a) |
x-axis and y-axis. " a2 +a? a2 a? +a? + 22 |
g |=cos%,m=cos%,n=cose |ea?4a24a?| |a2] 1
We know that, I? + m? + n?=1 ‘W‘%—zj
. coszg +c052% +c0s%0 = 1 —3c0s0 =1

48. (d) Sinceequation of line is

11 )

= —+=-+cosH=1
2 2 x-1 y+1 z-1

= (let)
= c0s?0=0= =" 3 -2 6
2 =(X,y,z)=(3A+1,-2A— 1, 6L +1)
Hence, angle with positive direction of the z-axis is g Now,
45. (d) Distance of the point (a., B, y) from y-axis JEL 117 4 (20 ~1+1)° + (B +1-1)? =2
= J(@-0) +(B-B)* +(y-0)? =Ju? +72 = AT 407 1 3607 =25 JagiZ =2
46. (c) It makes 6 with x and y-axes. 5
| = cos®, m = cosh, n = cos (m — 26) =4M=2=k=17
ehave 2+ m?+n2 =1
RS sotuy= (2L o (1,2, 2)
= €0S%0 + c0s?0 + cos? (m — 20) = 1 0, (X,¥,2)= i Ll T

2 2 =
= 2 c0os°0 + (—C0s20)° = 1 49. (c) Asthree pointsare collinear.
= 200820 — 1 + c0s220 = 0 1 3

€0s20 — [1 + cos26] = 0
= [ ] So, A=[1 -2 k+1=0
= €0s 20 =0 or cos20 = - 1 15 2 -4

=20=n/20or20=nx

6= a T _ g [n n} = k(8-2(k +1)) +1(15(k +1) + 4) +3(2+30) =0
=0=n4or 6=— =0= |7
2 42 — k(6—2K)+ (L5k +19) + 96 = 0
47. (@) y4 On solving, we will get two different values of k.
©, a, 0) c B (a a,0) 50. (c) Let the side of the cube be a.
The length of a diagonal = a3
D (a3, 2) The length of a diagonal of face = a2
©, a, a) [~ P Let any two diagonal of cube be
- A~ ~ ~ - A~ ~ ~
(8 0.0) di=ai+aj+ak and dy =ai+aj—ak
A >X
) Lo > - -
0,0.2) (0, 0,0 ©+ dp.d2=d1|]d2]cosa
o F(a 0, a)
E =a+a?—a?= (a\/g)(a\/g)com:wow:%
Z
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Let the diagonal of a face be

1 35 36
- ~ ~ I X=—,Yy=—7,Z=—
F=ai+aj correspond to c; 10 100 10
- 2> > > 2 2 2
" d;.F=|dy || F |cosp AD = (lj +(ij +(i) _ [1+25+16
5 10 10 10 102
a2+a2= (av3)(av2)cosp= cosp=—=
J6 Ja2
1 4 AD=— =
0
Now, cos o +cos?p = -+— =1,
3 6 53. (d) Twoplanesax+by+cz+d=0andax+by+cz+d,
51. (c) 0(0,0,0),A(3,1,4),B(1,3,2)andC (0, 4,-2) = 0 are parallel to each other.
Centroid of tetrahedron . They have no common point.
0+3+1+0 0+1+3+4 0+4+2-2 54. (c) The equation of plane which contains z-axis is
= 4 ' 4 ' 4 3x +2y=0aszisabsent in this equation.
48 4 55. (d) Since,xy+yz=0
:(Z,Zizj Xy:_yz
Hence, the locus is a pair of perpendicular planes.
G=(1,21)
Centroid of AABC
. x=4 y-2 z-Kk
_ (3+1+0 1+3+4 4+2- 2) (f 8 f) 56. (d) Line T T
' 3 333 passes through (4, 2, k) and lies in plane 2x -4y +z=7
484 so it must satisfy
1 A 2 - = =
(L21G G, (3 3’ 3) 2(4)-42) +k=7=k=7

57. () Since, the required plane passing through (1,-1,-1)
LetAdivides GG, inratio 1.: 2 therefore only equation given in option ‘d’ satisfied by the
A=|3—, ) Hence, Required equation of plane is

3 3 3
14x-5y+3z=16

10 20 10 58. (c) Theequation ofa plane parallel to the plane
=(§?§) 3x +4y-5z=0isgiven by,
52. () AQ,3,4),B(1,5,6),C(-2,0,-2) 3x+4y-5z=d ()
Since plane (i) passes through (1,2, 3) then,3+8-15=d
,3,4) = d=-4
A . from(i),
3X+4y-5z+4=0
3 7 59. (b) Angle between two planes,
cosh = (2-11).(L1) 2-1+1 2
B 3 7 c T A1+l 1141 6B 3
1,56 PX%“I (202 <y 2
60. (c) Equationplaneis -+=+—=1
AB = 3unit, AC =7 unit ©) Ed P 2 21
AD is angle bisector of ZA. = X+y+2z-2=0
BD:DC=AB:AC=3:7 -~ direction ratio’s of normal are< 1, 1,2 >
Using section formula,
647 0+35 6442 So, Direction cosines of normal are « — ,i,i>

10 "7 10’ 10

N \\
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62.

63.
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(c) LetP;:x-3z-4=0andP,:y-2z+3=0bhetwo
planes. Let ax +by + ¢z = d be the equation of line.
Since, the line of intersection will be perpendicular to the
normal of both the planes

a(l)+b(0)+c(-3)=0

= a-3¢=0 ()
anda(0)+b(1)+c(-2)=0
= b-2c=0 (i)
From (i) and (ii) we have
a_b_c
3 2 1
Hence, d.Rs=<3, 2, 1>
(d) Egn.ofline
X=X _¥Y=Y1 _ 274
Xo=X1 Yo—Y1 Z2—7;

X-1 y-2 z+1
2 -3 3
=>x-1=2K;y-2=-3K;z+1=3K
=>x=2K+1;,y=-3K+2;,z=3K-1
Since the line meets yz plane, x =0

ie, K(say)

2K+1=O:K=%1

y=_3(__1)+2=§+2=1
2 2 2

1=y 5 1= 213
2 2 2

(@ We know, the equation of plane passing through 3
poINts (X, Yy, 2,), (X, ¥,r Z,) and (X5, Y5, Z,) is

X=X ¥Y—V¥1
Yo—%

Y3—Y1

-7
X9 —Xq Z,-71|=0-

X3 =X Z3—71

So, the plane passing through points
(-2, 6,-6), (-3,10,-9) and (-5, 0, -6) is

X+2 y-6 z+6
-1 4 -3 |=0
-3 -6 0

= (X+2)(-18)-(y-6)(-9)+(z+6)(6+12)=10
=-18x—-36+9y—-54+18z+108=0
=-18x+9y+18z+18=0

=2Xx-y-2z-2=0

=2X-y-22=2.

64.

65.

66.

67.

68.

(d) drsoflineis2,3,4
going through option,
2(1)+3(2)+4(-2)=0
2(4)+3(4)-4(5)=0

() Angle between planes

,1(2—14- 2)
= COS
6

,1(1) Y
=CO0sS —| ==
2/ 3

Distance between planes

2
it 10
J9 3x3 9
) Xx-1 y-2 z-3
(d) Giventhat Y 1,
X+26 y+18 z+28
and = = are coplanar
-2 3
27 20 3
A 1 2/=0=>i=3
-2 3 A

Now, normal of plane P, which contains both lines

i ]k
=[3 1 2[=-3i-13j+11k
-2 3 3

= Equation of required planeP :
3x+13y-11z+4=0
(0, 4, 5) does not lie on plane P.

®) Let P(r) be any point on the plane.
Clearly r —a will be in linear combination of b —a and

c-a

|

= r{bxc+cxa+axb}=[abc]

(@ Given equation of plane is
x-3y+5z=d

Since, it passes through (1, 2, 4), then
1-3(2) +5(4) = d

= 1-6+20=d

N\ |\
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69.

70.

71.

72.

d=15
Therefore, the equation of the plane will be
x-3y+5z=15

X 3y S5z
15 15 15
Xo Y2
15 -5 3

Hence, the intercept cut by the plane on axes X, Y, Z are
15, -5 and 3, respectively.

=

x-2 y-1_

2
@ - Theline 3~ 5 3 lie in the plane

X+3y—az+ =0

- Pt(2,1,-2) liesontheplanei.e.2+3+2a0+3=0
or2o+p+5=0 ()]
Also normal to plane will be perpendicular to line,

© 3x1-5x3+2x(-a)=0 = a=-6

From equation (i) then,=7 .. (o, B)=(~6,7)

; . . 37 -9

@ Midpointof PQis= (.5~
DRof the normal is = (4~ (-1),6-2,-10-1) =5,3,~ 11
. Eqn.of planeiis 5("‘%} +3(y_1j _11(“%) 0

135 135
= 5x+3y—1lz=7 = (5|+3]—11k)

(c) Equation of straight line passes through P(3, 2, -1)
and parallel to given line is
X=-3 y-2 z+1 .
" 2 1 A (i)
Q(-21 +3,21+2,A—1) beanypointin line (i) and it is
also lies on given plane.
324 +3)-2(2A+2) +4(L-1)+1=0
= Adr+4=0=A=-
Q(5,0,-2)

Now, distance PQ = \/(5-3)2 + (0-2)2 + (-2+1)? =3
() Normal of plane E

i j k

Ai=2 -2 1|=-3i-3]
1 -1 2
ﬁ=i+]

Equation plane E
1(x-1)+1(y+1)+0(y-1)=0

x+y=0

Distancefrom Q (a, a, 2) is
a+a 2a
i+l N2

73.

74.

75.

76.

a==3

PQ? =(2)? +4% +1=21

b) (2,-1,-3) lies on the plane px —qy + z =5 so it will
satisfy the given plane.

So 2p+q=8 .(0)
Also given line is perpendicular to normal plane so
3p+2q-1=0 (i)

= p=1509=-22
Eq. of plane 15x—-22y+z-5=0

142
(d) If 6 be the angle between the given line and plane,
then

6
its distance from origin = W =

. Ix1+2x2+ A x3 5+3A
sin = =
\/12 +22 42 .\/12 +22 43 \/1—4.\/5+}»2

=C0s0 = SCL 3)“)2 S9=cos ! (5 il 3)“)
14(5 +12) 14(5 1405+ 1)
But it is given that 6 =cos™ \/7
14

(5+30)?2 \E 5

ez i ~h=3
(c) Since, 2x—3y+ 6z —11=0makes ananglesin—la
with X-axis
Suppose a=(1i‘+oj+0|2)
and fi=2{ —3]+6k
|a.f|
EY

Hence, o =sin (sin‘1 (x) -

‘(1?).(2f—3i+6|2)‘

VIV4+9+36
(c) Givenequation of planex+y+z=3

Let point P is (0, 0, 0) and point Q is the foot of
perpendicular drawn from point P on the plane.

Since, PQ is perpendicular to the plane, so direction ratio
oflinePQ<1,1,1>.

Equation of line PQ,

2
=

x-0 y-0
1 1
z-0
1
LG YD) = (A A)

=\

N \\



77.

78.

As point Q lies on the given plane.

SAFA+A=3 = A=

Hence, co-ordinate of point Q = (1, 1, 1).

(b) Equation of planeisax + by+cz =d

Given the plane equation is2x -3y +6z+4=0

On comparingwe geta=2,b=-3,¢c=6,d=-4

Here we need to find the direction cosine of a normal to
theplaneie<I,m,n>

Direction cosines of normal to plane

2

= a 2 2
Va? +b? +c? Va7

Mo b _ 3 3
Va? +b? +c? vao 7
ne c _ 6 6
Va? +b? +c? a7

dmne=<228,
,m,n>= 7777

49(7P +m?-n?) = 49[7(32 +(_73j2 i (gﬂ

DPEIERE A
49 49 49

© P(1,-1,2)

}

Assume the line from (1, -1, 2) meet the plane at Q
Direction ratios of the line from the point (1, -1, 2) to the
givenplane is <3, 2, 2>

So the equation of the line passing through P and with
direction ratios will be:

X-1 y+1 z-2
3 2 2

X=3A+1y=2A-1,2=20+2

Now, since Q lies on the plane so it must satisfy the

equation of the plane.

=\

79.

80.

81.

MHT-CET-Mathematics
iex+2y+3z=18

L3N+ 1+4N-2+60+6=18

13A+5=18=1=1

Therefore, coordinates of Q are
(3+1,2-1,2+2)=(4,1,4)

(d) Givenplanesare

X=2y+z=1 ()]
and-3x + 6y—3z=-2

P )
=X-2y+z= 3 ....(II)

Since both planes are parallel and
a=1,b=-2,c=1

-2
andd, =-1, dp =3

Distance = Sl
«/a2 +b? +c?

1_§ .
Distance =|—2_| = ——_
Vi+4+1 36

(d) Given equation of plane are
2X-y—-22+1=0
=a=2b=-1¢=-2d=1
and 3x—-4y+5z-3=0
=a,=3,b,=-4,¢,=5,d,=-3
- Required angle is

aja, +byb, + €y

Cosezizzzzzz
\/a1+b1+cl\/a2+b2+cz

2(3)+(-1)(4) +5(-2)

V2112122 2142152

= C0S0 =

:>9=E
2

(@ Givenplanes, p,:x+y+z=1

p,:2x+3y+4z=7

So, equation of plane passing through intersection of
planes p, and p, is

X+y+z-1+k(2x+3y+4z-7)=0.

= X+y+z-1+2kx+3ky+4kz-7k=0

N\ |\



Line and Plane

82.

83.

84.

=X(1+2K)+y(1+3K)+z(1+4k)-1-7k=0.

This is perpendicular tox— 5y + 3z =5.
=X-5y+3z-5=0.
=1(1+2k)-5(1+3k)+3(1+4k)=0
=1+2k-5-15k+3+12k=0

=>-k-1=0=k=-1

.. Equation of planeisx +y+z—-1-1(2x+3y+4z-7)=0
=>X+y+z2-1-2x-3y-4z+7=0
=-X-2y-3z+6=0

=>X+2y+3z2-6=0.

(@ The equation of plane passing through the
intersection of planes 2x +y+2z=9and 4x—-5y—-4z=11is
(2x+y+2z-9)+ A (4x-5y-4z-1)=0

Given that this plane passes through (3, 2, 1)
=2(3)+2+2(1)-9+A[4(3)-5(2)-4(1)-1]=0

1
=1+1(-3)=0 37v=§

1
. Equation is (2x +y + 2z —9) +§(4X —5y-4z-1)=0

=06x+3y+6z-27+4x-5y-4z-1=0
=10x-2y+2z-28=0

=10x-2y+22=28

(b) Normal vector to the intersection of planes
ax+by=3andax+by+cz=0

Direction ratios of lineareb, —a, 0
Direction ratios of normal of the plane are 0, 1, -1

00360°=_—a=1
‘ﬁ‘\/b2+a2 2
_a .1
e Z bt

So, D.R.'s can be (+a, —a, 0)

Therefore, D.C.'s can be i[i—l,—l,oj
N

(o) Here F=(i —j+k)+A(3]—k) .Let (L) say,

P =(of — J)+p(2f —3K) . Let (L) say,
-+ L, and L, are coplanar, so direction ratios of two fix
points (1, -1, 1) and (o, 0, -1) will be (1 — ), 0, 1

85.

86.

0 3 -1

5
Thus,| 2 0 -3=0=a=7
(@l-a) 0 1
i] ok
Now, Ai=[0 3 —1/=i(-9)—](2)+k(-6)
2 0 -3
=(9,2,6)

Equation of plane:
9(x-1)+2(y+1)+6(z-1)=0
Ox+2y+6z-13=0

Perpendicular distance from (o, 0, 0)

5

2 -1

_(93+0+0 3)_ ’ _3
‘ J81+36+4 ‘ Jiz21 11

o)
A T P(1,0,1)
R l S=x+y+z=5
(-1-D¢ *Q (o B.7)

L
Given, aline Lis parallel to PQ direction then ratio’s of line
Lis<1,1,1>.
Apply formula for image of point on the plane

—2(axq +by; +cz; +d)

a +b? +¢?
a-1 B-0 y-1 -—2(2-5)
1 1 1 3
a=3B=2,y=3 Q=(32,3)
Here, line L ||PQ.

Equation of line L is shown below
x=1 y+1 z+1

1 1 1
HerepointR, u+ 1, u—1, u— lisintersection point of plane
X+y+z=5

3u—1=5=pu=2

So, point Ris (3,1, 1); QR?=5

(d) PointsA(1,1,A) & B(-3,0,1) are equidistant from
plane 3x+4y—12z+13=0

[3+4-12)+13 |[-9-12+13]

13 13
|-12A + 20| =|-8|
|-121.+20|=8
-12A+20=8and 12A-20=8
_28_7 !

a=1-
12 37 3

A=land A

N \\



87. (c) Dr’sofline passing through (2, 1, 2) and (1, 2, 1) is

<1,-1,1>
i j k
nofplaneis|l -1 1j=n=-i—]j+Kk 92,
2 -1 2
n=<AB,C>
=<-1,-1,1>
Then the equation of planeis ax+ by + cz+ d=0
i.e.—x—y+z+d=0 (i) 93
(2, 1, 2) point passes through equation (i) '
—2+1+2+d=0=>d=+1.
From (i),
-X-y+z+1=0=>x+y-z-1=0
a=1,b=1c=-1,d=-1
atb 2
c+d -2
]k
88. (0) d=a(axb);axb=|1 1 -2|=-3-3j-3k o
1 -2 1 '
d=-3\(@+]+k)
J'6=2:>—37u(2+1—1)=2:>>»=—%
d=i+j+k=d|=V3
89. (c) Let, A:i—2j—3k;B:3i—j+4k;C:—3i+2j-5k
AB = 2i+j+7k and AC = —4i +4j-2k
i j ok
A=ABxAC=|2 1 7|=6(-5i—4j+2k)
4 4 -2
Equation of plane -5(x-1)-4(y+2) +2(z+3)=0 95.
=5x+4y-22-3=0 (i)
The point (—i + 9] + 14IA<) i.e (1,9, 14) satisfy equation (i)
90. (d) Givenplanesare F.(11i—2j—ok)=7
and T.(2i +4j—2k) =5
= m.n, =0=22-8-20=0=a=7
91. (@ Given direction ratio’s (-1, 2, 1) and (1, 3, 2) and
passes through (2, 1, k).
Now, the normal which is perpendicular to both the lines
will be given by,
i j ok
n=|-1 2 1=n=i(4-3)-j(-2-1)+k(-3-2) 96
1 3 2
n=i+3]-5k

Equation of plane passes through (3, -1, 4) is,

(7+35-5K)[(x-3)i +(y+1) J+(2-4)k]=0
(x=3)+3(y+1)-5(z-4)=0

N\ |\

X+3y-52-3+3+20=0

X+3y-52=-20 (i)
Satisfy the point (2, 1, k), ; x + 3y —5z =-20
=(2)+3(1)-5()=-20= 25=5k=k=5

(b) LetP=(x,y,z)ageneral pointon the plane and
A=(1,-2, 3)isapoint given on the plane.

= ﬁz(x—l)i+(y+2)]+(z—3)l2

Given AP LB ( l§=—i+2]—312)
= X-2y+3z=14isequation of the plane.

@) Here N1 for theplanex—y+z+2=0is nj:f—]+f<

and @ forthe plane2x+y-2z+5=0is @ =2f+]—2IA<
Now DRs. of the line common to the planes

ik
nixny=[1 -1 1|=i+4j+3k
2 1 -2

Hence, DCs are S S

(@ Required plane passes through (2, -1, 3).

Let a, band care Dr’s of normal to required plane.

Since required plane perpendicular to both given planes

ik
A={3 -2 1|=-3i-2]+5k
1 11

Equation of required plane
=3(x-2)-2(y+1)+5(z-3)=0
= x+§y—§z+E=0

37 3 3

11
By comparing ax + by + cz+ d=0,we get d= 3
(c) Directionratioofline=[2, 5,1]
Direction ratio of normal of plane = [8, 2, -1]
Angle between line and plane

sin® =| 848, + b, +6C) |
‘\/af+bf+cf\/a§+b22+czz‘

~ 16+10-1 25 25

Ja+25+1J64+4+1 /304/69 /2070

.'.ezsinl[ 25 j

V2070

() 2x-y+z-3=0..(); x+2y+z-4=0
Solving (i) and (ii) ; x=-1,y=0,z=5
Line of intersection is parallel to 7, x 1,

(i)

P ok
2 -1 1=@3)i—j+5k
1 2



Line and Plane

Equation of line of intersection of plane.

x+1_y _z-5, 3 -1 5 j
——=—=——",DCae t| —,—,—
-3 -1 5 [\/ﬁ J35'4/35

97. (c) Givenequation of theline,
x-1 y+1 z-1

= re2] +k )-5=0= re(2i +k)=5
Now, equation of plane in cartesian form

i +y] +zk).@]+k )=5; . 2x+2=5
ACCELERATOR

Topic-wise MCQs

5 1 N r (say) ..(i)

Letthe pointP(2r+1,r-1,1-r) 1

Lies on the above line and the point P is the intersection
of line in Eq. (i) and the plane x + 2y + 3z=4, also, then
2r+1+2r-2+3-3r=4=r=2Thus, pointP (5, 1,-1)

~ ~ ~

i ] K
Now, (21 =3])x (i +2]-K)=[2 -3 0 )
1 2 - '

=7(3)-J(-2) +k(@+3) =31 +2]+7k
Equation of required line which is parallel to
3f+2]+7|2
x—5= y—1= z+1 or x—5= y—1= z+1
3 2 7 -3 -2
98. (c) Since, normal makes equal angles with co-ordinate
axis. So, it intercept with all the axis will be same. So,
equation of plane will be :
Z+X+E=1=>x+y+z=a .. (1)
a a a
Now, it passes through (-1, 2, 3). So,weget a=4
Putting the values of a in equation (i), we get
X+y+z-4=0
99. (c) Thegiven equation of plane is: 56x + 4y + 92=2016

Sex oy oz 4 X ¥y T
2016 504 224 36 504 224
Then co-ordinate of A, Band Care (36, 0, 0), (0, 504, 0)and 3,

(0,0, 224). ; Now, the centroid is

(36+0+0 0+504+0 0+O+224)
3 ’ 3 ’ 3

Centroid = (12, 168, 2—24) 4.

100. (d) y= L+h-pi +@-2)1 +@-22 +2u) Kk
= i+7-pj+2j-j+3k -2k +2uk
= (i +2]+3k)+A(G —1-2K)+ (=i +2Kk) 5,
Equation of plane is given by
{r—(i+2] +3K)}+[(i-]1-2k)x (=i +2k)]=0

= [r=(i+2] +3K)}+[(2i -k )=0

N \\

X=X1_Y~-Y1_
a b

©)

z-2
c 1 have vector form

= (x1f+ y1]+ zllz) + k(af+ b]+ cIA<)
Required equation in vector form is
r=(51—4]+6k)+p(3i+7j+2Kk)
(@ Thegivenlineis

X—-2 2y-5

AR A )
2 -3
5
X—2 y_E z+1
- _
2 3 0
2

This shows that the given line passes through the point

5 -3
(2,5,—1j and has direction ratios (2,7,0) Thus,
given line passes through the point having position vector

a=2i +g] —k and is parallel to the vector

T -~ 3’: ~
b= (ZI —EJ—Ok). So, its vector equation is

P=(2i+25-k)+2(2i-2j-0k).
2 2
Hence,p=0
d Given a=45° B=60°y="?
"+ cos? o+ cos? B +cosy=1

1 1 1

s cosly=1-———=— = y=60° or 120°
T T T

(d) The projection of the segment on the coordinates
axesare -9, 12, -8. Thus the direction ratios of the segment
PQ are -9, 12, —-8. Hence the direction cosines are

9 12 -8
1771717
(@ Thelines intersect if
2-1 3-2 1-3

k 2 3|=0

3 k 2
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= 2k2+5k-25=0

5
= k=—5,§-
(b) Letany point on the second line be (&, 2, 3))
AL, 1, 1)
COos - \/E ,Sl - \/E
1 .
Aopg = 5 (OA)OBsin© /
0 B(L, 21, 31)

=5 fkf =Jeorr=2
So, Bis(2,4,6).
(b) Givenequation of line is
x-3_y-38_z

2 1 1
= DR’softhegivenlineare2,1,1

2 1 1

= DC’softhegivenlineare %%%

. - T . .
Since, required lines make an angle 3 with the given line

The DC’s of the required lines are

1 2 -1 -1 1 -2
NGRS
Also, both the required lines pass through the origin.
.. Equation of required lines are

respectively.

X_Y_Z, 44X ¥_ 2
1 2 -1 -1 1 =2
(b) The angle 6 between the two lines
X=X _Y="¥V1_2-7

3 a az
_ Y=Y _2-23
by b, by

arby +aphy +aghs
\/al +aj +ag\/b1 +b2 +b3
Now in the given equation: 4 =2,a,=2,a;=-1
b;=1,b,=2,by=2
271+272+(-)" 2
Va+a+1J4+4+1

() LetP(x;,y;,z;)andQ (x,, Y, z,) bethe initial and final
points of the vector whose projections on the three
coordinate axes are 6, —3, 2 then

X,=X, =65 Y,=y,=-3; 2,-2,=2

So that direction ratios of @ are6,-3,2

is given by:

cos O =

= 9=cos! Eig
93

. CosO =

10.

11.

12.

13.

Direction cosines of PQ are

6 -3
62+ (=32 +22 |62+ (-3)% + 22
2 _6 3 2
A A

6%+ (-3)2 + 22
(c) Let feetof perpendicular is (20,30 + 2, 40 + 3)
Direction ratio of the L line is

20.—3,3a+3,40.—8. and
Direction ratioof the lineare 2, 3, 4

2(20-3)+3(3a+3)+4(40-8)=0

a=1 = Feetof Lis(2,5,7)

Length L is \12 + 62 + 42 = /53

(@ Leta;=2x,b;=2x,¢;=x

and a,=7-3=4,b,=2-1=1,c,=12-4=8
aja, + bib, + ¢4y

JaZ+b? +c2\Ja2 +b2+c3
2X x4+ 2Xxx1+Xx8

\/4x2 +4x% +x2 16 +1+64

18x 2 (2)
3

=—=0=cos”
3X><9 3

(c) Given, I+m+n=0andl?=m2+n?

Now, (—-m—-n)?=m?+ n?

= mn=0=m=0o0rn=0

Ifm=0thenl=-n

U

U

cos0 =

1
Weknow I?+m?+n?=1= n=+——
J2
. 1 1
ie.(l,,m,n) =(——,0,—]
1 11 \/E \/E
Ifn=0thenl=-m
IP+m?+n’=1 = 2m’=1
1
= M=*+—
2
Let m=i = =_i andn=0
2 2
1 1
(Izi mzi n2) = _Ei_zioj
Y
cos0== = 0=—
~ 73
(b) Equation of plane through (1, 0, 0) is
a(x-1)+by+cz=0 (i)

(i) passes through (0, 1, 0).
-a+tb=0=b=a;

N\ |\



Line and Plane
a+a
Also, c0s45° = ————
V2(2a% +¢?)

= 2a=,/pa2,c2 = 28°=¢?
= c¢=42a.
So, d.rof normal area, a v/2a i.e.1,1, /2 .
14. (c) EquationoflinelL,is
x1_y-1_z

2o
2 1 -1

=>Xx=2A+1y=A+1z2=-A
Equation of line L, is

X y-1 z-2
=2 T=" “-—u=Xx=p,y=pu+lz=p+2
1 1 1 n wy=u n

On comparingwe getp=A=-1
.. Point of intersection (-1, 0, 1)
=x=-1,y=0,z=1

y-x=0+1=1=z
- - A ~
15. (€) by =AB=-2i+ j+2k passess through
I APNEEPARE N ~ n
OA=1+]-k=a, by, =CD =2 - 2] pass through
- ~ ~
OC=j+2k=a

) - —
Shortest distance between AB and CD

_1(ag—2)- (b xby) |

|y xby |
(T +3K)- (<21 + [+ 2K) x (21 -2]) |
| by xby |
(-1 +3k)-(4i +4]+2K) _|-4+6] _1
|41 +4]+2K| 6 3

16. (d) Given points can be written as,
r=@L+t)i+(-6+2t) ]+ (2 +1)k (i)

and T =(28)i +(4+s) ]+ (L+2s)k (i)

For point of intersection, we get
2s=1+tand4+s=-6+2t
Solving above we get, s=4,t =7
Putting s=4in Eq. (ii), we get

2 L ot n
r =8i+8j+9k

17. (b) We know, shortest distance

(b xby).(az —a))|
brxby| |

[4i+37 - K)x (61 +3] - 2K)1((1+ 2] - 4k) - (31 - 5] - 2K)|
(41 +3] - 2k) x (61 + 3] — 2k) |

|
nd=
|

i |(=3i+2]—6k).(-2i+ 7] -6K)| 56

= 8
(1-3i+2]j-6k) |7
18. (@ A(L,0,2),B(2,1,0),C(2,-5,3),D(0,3,2)
. .o x=1 'y z-2
. —==——=)
Eqg. of line AB is 1 1" @
Eq. ofline CD | X—-2 y+5 7-3 .
g.oflineCDis — 8 =) 2 (D))
=>X=A+lL y=A2=-20+2 [From(i)]

and X=-2u+2, y=8u-5, z=—u+3 [From (ii)]

. 3 7
Solving for pand Aweget p=—, A =—

5 5
12 7 -4
SX==—, y=—,2=—
5 5 5
12 7 -4
P(a,b,c)=| =, —, — =
(a,b,c) (5 : 5)=>a+b+c 3

19. (c) Given, 7 =(—i —2]-3K)+t(3 —2]—2k) =& +1tby
and 7 = (71 +4K) +s(i —2] + 2K) = &, +sb,

~ ~ ~

Pk
Now P ¥P2 =3 -2 —2|=-8i -8] -4k
’ 1 -2 2

Since, required shortest distance

(by xBp) - (B )| _| (81 ~8]—4K)- 81 +2] + 7K)|
B xby) | | -8 -8j-4k| |

64-16-28) 108 _
12 12

9.

-0 y-2 z7-4
3 -2 -3

X
20. (c) Since, equation of line AB is

X y-2 1-4

—=>—=——=Kk
=375 3 (Let)

= (X, ¥,2)=(3k, -2k +2, -3k +4)
Now, direction ratioof PCis (3k + 1, -2k + 1, -3k + 4)
S0,3(3k+1) +(-2) (-2k + 1) -3(-3k+4)=0

N \\



21.

22.

23.

MHT-CET-Mathematics

1
= 22k=11 = k=§

3,5 25 25 5
C —,1,— .. PC: —+O+—:__
>0 (2 2)- Vet T

(b) Equation of linethrough (5, 1, a) and (3, b, 1) is
Xx-5 y-1 z-a

= = :)\'
53 1b a1 3

_ o 17 -13
Since this line passess through | 0.~ —~
17

0-5 —-1
Hence ——=A = A=——and 2 _) .2

5- 2 1-b 2
=b=4

_13_

and _ 2 _3__2 —a=6

a-1 2
Thereforea+b=6+4=10
(@ Given,

T =(6+2]+2K)+t(i —2] +2K)
and ¥ = (—4i —K) +s(31 —2] — 2K)
Here d=6i +2]+2k,b=1-2]+2k
C=-4i—k,d=31-2]-2k

=i(4+4) - j(-2-6)+k(-2+6) =81 +8] + 4k
|@of + 2] +3K).(87 + 8] + 4K)|

ByEq. (1), SD. 7 64+ 64+16 |
_‘80+16+12‘_@_
V144 12
The li x_y+2 z-1
() e lines are 6= 6 1
x+1_y_i
and — =T

Here, 51 = —2]+ IA<, b1+6iA+ 6]+ A, 52 = —i,

b2 =12i+6]—l2

()

24.

25.

[
51x62= 6 6
12 6

k
1|=-12i +18]j-36k
(a2 ~a1).(by ~b2)|

Shortest distance = |5 B |
1 X 02

|(i+ 25 K).(~12i + 18] - 36K)|
V(12 4 (18)% + (-36)2

_[+12+36+36 84 _,
- 1764

Tl
(b) Thegiven lines are parallel and
51=i+],52 -2i-3k
b=i-2j+3k
Now, ap —ap = (2i —3k) - (i+]) = 1-]-3k
I (T
bx(az-a1)=1 -2 3
1 -1 -3
=1(6+3)—j(-3-3)+k(-1+2)
=9i+6j+IA<

Bl =12 +(-2)% + 32 = T3 479 = id

Distance, d=|BX(ag—a1)|= 9i+6j+k
B Ve

_ L Jo?i@e?i@? =2
N7 ©)"+®)"+@ \/:

(@ Anyline passing through the point (1, 1, 1) is
x-1_y-1_z-1
a b ¢

()

o .ox-1
This line intersects the line > T3 "4

1-12-1 3-
a b c|=0
2 3 4

Ifa:b:c#2:3:4and

= a-2b+c=0 (i)
Xx=(=2) y-3_z-(-])

12 4
-2-13-1-1-

a b c|=0

1 2 4

Again, line (i) intersects line

Ifa:b:c#2:3:4and

N\ |\



Line and Plane

26.

217.

28.

= 6a+5b-4c=0
(i)
From (ii) and (iii) by cross multiplication, we have
a b ¢ a_b ¢
8-5 6+4 5+12° 3710 17

So.th ired linei x-1 y-1 z-1
0, the required lineis —— = <== = ——-.

(@ Givenequation of lineis

x+5=%(y+3)=—%(z—6)

X+5 y+3 z-6
1 T4 T g M)
X=A-5y=4r-3,2=-91+6
(X, Y,2)=(A=5,41-3, -9\ +6) ()
Let it is foot of perpendicualr
So,d.r.’sof L lineis (A\—5-2,41-3-4,-91+6+1)
=(A-7,40-7,-90+7)
D.r.’sof given lineis (1, 4, —9) and both lines are L
(A=7). 1+ (41-7).4+(-92+7)(-9)=0
= 98L=98=A=1 .. Pointis(-4,1,-3).
(b) Given

I+3m+5n=0 (i)
and5Im-2mn +6nl=0 (D)
From eq. (i) we have

I=-3m-5n

Put the value of l in eq. (ii), we get;

5(=3m-5n) m-2mn+6n(-3m-5n)=0

= 156m2+45mn+30n2=0 = m2+3mn+2n2=0
= m2+2mn+mn+2n2=0= (Mm+n)(m+2n)=0
~ m=-norm=-2n

Form=-n,1=-2n

Andform=-2n,l=n

o (bmn)=(-2n,-n,n) Or (I,m,n)=(n,-2n,n)
= (I,mn)=(-2,-1,1) Or (I,mn)=(1,-2,1)
Therefore, angle between the lines is given as:

2O +ED.+O @
V6.6

cos (0) =

= cos (0) = 1 o=cost (1)
6 6
(@ Given points and direction ratios are shnown below.
- A A A
a;=(1,2,3),a,=(2,4,5), b2 =2i+3j+1k

= . 4 A
bo=i+4j+5k

29.

Apply shortest distance formula,

|(ay —ay).(by x b))

Shortest distance =

|b.l.><b2|
~ ~ ~ d d
‘((2—1)i+(4—2)j+(5—3)k).(b1xbz)
SD.= N
|b.|.><b2| ()
i]ok
> o
Take, bix by =|2 3 A
14 5

=i(15-41)+ j (L —10) + K (5)
= (15-40)i+ (L —10)]+5k

d d 2 2
| b1x ba| =(15-40)7 +(h~10) + 25
From equation (i),

oo ‘(u +2]+2K) [(15-42)i +(3.-10) ] +5k]

J5-41)? +(1-10 + 25
[L5— 4% + 22 — 20 +10| 1

J(15-42)7 +(1-10)2 + 25 B

Take square both sides,
3(5-21)2=225+16A2—- 120 A + A2+ 100 — 201 + 25
12)2 +75 - 601 = 1712 - 140 + 350

512801 +275=0=>A2-16A+55=0
(A-5(-11)=0=2r=511

Sum of valuesof A=5+11=16

(@ Solving the equations of the planes we get y = -2.
Putz =0 and y = -2 in any of the plane we get x =5 so
(5, =2, 0) isa point on the line of intersection. If the line
has direction cosines proportional to I, m, n, then

l+m+2n=0
and 2l +3m+4n =0

. | m n .
On solving we get, = 01 and so the equation of

line X-5_y+2 _z
Inels —~="37=7

X
Equation of z-axis is 0

shortest distance

o<

z
1

5 20
—2 0 1
0 0 1

4.,

) J(0-0)2+(0+2)% +(0-0) 2

N \\
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30. (c) Linealong a= f+] and passes through P is

x-1 y+1 z+1

A
1 1 0
o L(+1,4-1,-1)
Linealong b = j—k and passes through Q is

x+1 y-1 z-1
o 1 -

Drs.of LM=(A+2,A-p-2,u-2)

Since LM and in same direction,

=u o ML p+l,—-p+l)

CA+2 A-p-2 p-2

1 1 1 —wegeti=pandpu=8

- M(-1,9,-7)

Now, pM = —2i +10j — 6k
31. (b) Equation of line joining the points
(2,-1,)and (1,1,-2)is

x-2 y+1 z-1
-1 2 -3

P (_19 2’ _1)
[ ]

B eX 2 _y+l z-1
(o, B,Y) = (—h +2,20~1,-30+1) | 2 -3
X-2 y+1 z-1
= = =
Let 1 5 3
X=-A+2,y=2A-1,z2=-3A+1
o=-A+2,B=21-1,y=-31+1
Dr’sof PB(-A +3,2A—-3,-3L +2)
Since, PB L line
-1(-A+3)+2(2A-3)-3(-3A+2)=0
15
Gk

B(E 16 —_31)
14'14° 14

13 16 31 -2 -1

14 14 14 14 7

32.

33.

34.

35.

36.

(d) Equation of plane passing through the line of
intersection is

TG -2K) + A (2] +K)]=3+25

= i+20j+(A-2)Kk]=3+25
Since it passes through point (i + 2 +3k)
(i+2j+3K).[i+21]+(L—2)k]=3+15
1+40+31-6=3+5A=>A=4
.. Equation of plane is
T .(i+8]+2k) = 23.
@ Given,A=i-3]
P=(1,-3,0)+1(0,1,-2)
=(1,-3+1t,-21)
Distance point P from plane _r>.(2?+3] +5I2) =0
_|2(1) +3(=3+1) +5(-2t)|

V22 +3% 452
|7

/38

Min. distance occurs when numerator =0
1+t=0=t=-1
So,P=(1,-4,2)

. AP=5_ X =(0,-1,2)

Equation of plane
0(x-1)-1(y+4)+2(z-2)=0
-y+22=8

T.(-]+2Kk)=8
(c) Iftheplane ax + by + cz + d = 0 to be perpendicular
to xy- plane, the coefficient of z is equal to zero.
= c¢=0.
(c) Directionratios. of given lineare 1, -2, 3and the d.r.
of normal to the given planeare 1, 2, 1.
Sincel x 1+ (-2) x 2+ 3 x 1=0, therefore, the line is parallel
to the plane.
Also, the base point of the line (1, 2, 1) lies in the given
plane.

(1+2x2+1=6istrue)
Hence, the given line lies in the given plane.
(@ Theplanesx+y=0i.e.x=—yandy+z=0

X z
i.e.z=—-ymeetintheline —=l1=I.

1

N\ |\



Line and Plane

37.

38.

39.

40.

41.

42,

43.

Any point on this line is (t, —t, t). This point lies in the
planex+z=0ift+t=0=1t=0.

Sothe three planes meet in a unique point (0, 0, 0).
(c) Required equation of plane P, + AP, =0

= (Xx+3y-z-5)+A(2x-y+z-3)=0

X(L+20) +y(3-A)+z(A-1)=(31+5)

Satisfy (2, 1, - 2) in the above equation.

So,A=1 = Planeis3x+2y-8=0

(@ Dr’soflineare<i,-1,2>

Dr’sofnormal of plane< 2, 3, A>

Line is perpendicular to normal of plane

d-i=0=2-3+21=0

A==
2

(d) The required plane is
(2+3\)x+(-8-50)y+(@4+4r)z+P-10L=0
Compare the coefficients with the plan
Weget,4+4A1=0=> A=-1
Xx+3y+0z+13=0

Then we get p = 3.

(c) Since, OP is perpendicular to the plane

N=O0P = j+2j-3k
Plane is passing through P
= i+2j-3k
Therefore, equation of the plane is
rN=a.N

~

= r.(i+2]-3k) = (i+2]-3k).(i+2]-3k)
X+2y-3z=14
(c) Given lineswill be coplanar

-11 1
If{1 1 -k|=0
k 2 1

= -1(1+2k)-(1+k»)+1(2-k)=0
= k=0,-3
(d) Obviouslythe line perpendicular to the plane because
a_b_c. o :
a = b = c i.e., their direction ratios are proportional.
(@ Theequation of the given line is 6x =4y =3z
which is written in symmetric form as
Xx-0 y-0 z-0
/6 1/4 1/3

111
Direction ratios of this line are [E’Z’§j and equation of
the planeis3x+2y-3z-4=0

44,

45.

If 6 be the angle between line and plane, then direction
ratios of the normal to this planeis (3, 2, -3)

sinf = aia, + blb2 +C1Co |
Ja2 407 +F a3 + b3 +c3 |
1><3+1><2+1(—3)
|6 473 i
i+l+l\/9+4+9
36 16 9
= 0=0°
(8) Equation ofthe lineis Xlz - y+32 _? ;5 — i)

Hence, any point on the line (i) can be taken as
X=A+2

y=—(BAr+2)

z=(21+5)

From some A point lies on the plane
2x—-3y+4z =163

2(A+2)+3(3L+2)+4(21 +5) =163

=19 =133=A1=7

Hence, P =(9, —23,19)

Also, Eq. (i) intersect YZ-plane, i.e., x=0

A+2=0
Hence, A =-2
-.Q(0,4,1)

S0, PQ =92 +272 +182 = 9y1+3% + 22 =914
—=a=9andb=14

Hence,a+b=9+14=23.

(c) Letthedirection cosines of line L be I, m, n, then
21+3m+n=0

andl+3m+2n=0

on solving equations (i) and (ii), we get

0
... (i)

I m n I m n
6-3 1-4 6-3 ~ 3 -3 3
I m n I2+m2+n2

Now s=—=—=—"—
3 3 3 [2,(32:%

o |2+m2+n2:1

I_m n_ 1

3 -3 3 271
= I——3 _ 1 m= L n—1
V21 B V3B

Line L, makesan angle o with +ve x-axis

1
s l=cosq =cosa = ﬁ

N \\



MHT-CET-Mathematics

46. (d) Equation of plane bisecting the angle containing origin
is (making constant term of same sign)

—-3x+6y-2z-5 {4x—12y+32—3}

V32 462 422 Va2 1122 + 32
-3X+6y-2z-5 4x-12y+3z-3
or 7 - 13

or67x—162y+47z+44 =0.
47. (@) Twogiven planes are coplanar, if

2-(-1) k-1 0-(- 50.
2 1 3 |=0
2 3 4
1 k-1 1
~|2 1 3[=0
2 3 4

= (1) (4-9)-(k-1) (8-6)+6-2=0= k=1_21

48. (d) Thegiven linesare
y+3 z-1 .
X—l:—:—: el
iy () s1.
-2
and 2x = y—1=z_—1=t (i)

The lines are coplanar, if

0-1 1-(-3) 2-
1 - A (=0
1 1 -1
2
-1 4 1
= |1 - =0
1 52.
- 1 =
2
-1 5 1
Apply ¢, >y +C3;|1 0 A|=0
1
- 0 - .
> 53

= —5(—1—%) =0=>A=-2

49. (d) Twoplanesare coplanar if

X=X Yo—Y1 -1
I my n (=0
I m, Ny
-1 -1
-k|=0
k 2 1

N\ |\

ApplyingC,—»C,+C,,C,»C,+C,

1 0 0
1 2 1-kl_
k k+2 1+k

1[2+2k—(k+2)(1-k)]=0
2+2k—(-k?-k+2)=0
k?+3k=0= k(k+3)=0
or k=0or-3
(c) Sincethe lines are passing through (0, 0, 0)
a(x-3)+b(y+4)+c(z-7)=0
P: 9a-b-5c=0

-1la-b+5c=0
Here we get direction ratios as (1, —1, 2) equation of plane
=Xx-y+2z=21

0

=
=

8
d=—
V6
g2 -3
3
() 21+3m+4n=0and3l+4m+5n=0
l_m_n
-~ 1" 2" 4

Equation of plane will be
a(x-1)+by-2)+c(z-3)=0

= -Il(x-1)+2(y-2)-1(z-3)=0

= —X+1+2y-4-72+3=0=-x+2y-2=0
= X-2y+z=0

d
%=£ ord=6
i ]k
- s oA A
© n=[1 2 -1=-2i-4j-10k
3 4 1

Equation of plane is

% A A A
r.(-2i-4j-10k)=0 =x+2y+52=0
(b) We know that, the image (o, B, y) of a point
(X,, ¥y, 2,,) inaplane ax + by + cz + d = 0 is given by

a-% PB-y vy-7 —2(ax; +by; +cz; +d)
a b c a2 +b?+c?

) _z(axl+by1+(czl+d) _ —2(4+2+4+1) _-11

a%+b%+c? 42 122 4 42 36
o-% -11 o-1 -11 -13
- L= T - T s o=—
a 36 4 36 9
By Pl i 2
b 36 4 36 9



Line and Plane

54.

55.

56.

Ly-y 1 y-1 -1 yz__13
c 36 4 36 9

) _ 13 2 13_ 28

ence, o+ B +y= 9 9 9 9

® n=2-]j+3k

a=2i—j+3k

Equation of plane is rn=a.n

2X—y+3z=4+1+9
= 2X-y+3z-14=0
(d) pis positive real number.

Perpendicular distance from point (=i + pi —3K) to

plane r—(2f 3]+ 6Kk)-7=0is6

‘( i+ kj—3K)- (2 —3] +6K) - 7‘

‘2| 3]+6k‘
|-2-3p-18-7| 6
7
|-3p-27|=42

=3p+27=42 or 3p-27=-42

3p=15 3p=-15
p=5p=- 5(neglect)

(©) Given,V = i+]j,V, =i+2j,
Vy=2i-§,V, =3i+2k

-

b=i-2j+2k -~ M=V, xV,=g
Ty =Vex V= 21 -4]+3k
- -
So, a = = Nyxny
= kx(-2i—4]+3k) = 4i-2]
_>—>
Thus cos 0 =
%
Iallbl
oS0 = 4i-2)).(i-2j+2k)

(42 +(-2)2) |12 + (-2)? + 22 |

4
c0s0=——

3J5

57.

58.

59.

60.

(c) The normals are proportional: (-4, -2, 2)

=-2(2,1,-1).
Sothe planes are parallel.
dolo-(2]  _Ja+2]
Jea?v(22+22 26
o+ 2] oa=-2+46

So, 2= o6 =
o= (-2+4/6)(-2-4/6) =92

(@ ni=ai—j+3k and nz2 =3i+a]+k

‘ N2 ‘ |3a-a+3
CosS— = _
hﬁ)lﬂﬁ)z |‘ \/a2+1+9\/9+a2+1
1 ]2
_=| 2a+3| a=2
2 a%+10
. Equation of planeis (a+2)x+ (a—-4)y+2az=a
=2x-y+2z=1

.. Direction ratios of normal are (2, - 1, 2).

(d) Two given planes mutually perpendicular
2(3k) +k(-k)+(-5)1=0

k=15

butk<3,sok=1

Plane passing through these is

Hence family of planes isP, + A P, =0
2x+y—-52-1+A(3x-y+z-5)=0
@2+3)x+(1-y+(A-5z-(1+5)=0

X Y Lz
5h+1 5A+1 5A+1
2+30  1-A A=5

5L +1
2+3A

=l A=

Given

gl N

A+l
1-A

(b) Equation of planeare P :r ((f +3] —k) =6 and

So intercept on y-axis =

P, :r.(-6i +5]-K) =7

Equation of plane through intersection of two plane
P, +AP,=0
(r.(F+3]—K)=6) + A(r.(~61 +5] —K)=7) =0 ......(i)

. . 1
and it passes through point (2,35)

:(2+9—%—6)+7{—12+15—%—7) =0

=Ai=1

N \\



61.

62.

63.

64.

MHT-CET-Mathematics

Put the value of A in equation (i),
Equation of planeiis r.(-5f +8] - 2k) =13
|al’=25+64+4=93d =13

13a [’
Valueof| d2| =93
(d) D.r’softhelineis (3, 4, 5) ans d.r’s of the normal of
theplaneis (2,-2, 1).
Let 6 be the angle between line and plane, then
(90 - 0) be the angle between the line and normal of the plane.

3x2+4(-2)+5x1

cos(90-0) =
V32 42 152422 4 (222 412
= sine—e_BJr5 — sinf= 3
J50/9 5J2x 3
- J2
sino = sin® = —
= N7 10

(@ Angle between line and normal to plane is

cos(ﬁ—ej= 2-2+2J1

2 3><«/§+k

Where g is angle between line and plane

2Jn 1 5
=- = A=—,
3W5+2 3 3

(@ Givenequation of line is

=sin0 =

r= 21— j+ 2k + .37 + 4]+ 2K
(xf+y]+zIA<) = (2+30)i+(-1+40) j+(2+ 20k
Any point on the line is

(2+3n,-1+40,2+2))

Since it also lie on the planer- (i - j + k)

S0, [ (2+30)i+(~1+42)j+(2+20)k | (i-}+k)=5

= 2+3\+1-40+2+20=5

= A=0

Therefore, coordinate of the point of intersection of line
and planeis (2,-1, 2).

. Distance d = y(2+1)% + (~1+5)% + (2+10)2 =13

(b) Equation of any plane passing through
(-2,-2,2)isa(x+2)+b(y+2)+c(z-2)=0

since it contains the line joining the points
(1,1,1) and (1, -1, 2), it contains these points as well so that

65.

66.

67.

3a+3b-c=0and3a+b+0=0

a b ¢ .
on solving we get 1- 3 % and thus the equation of

-3 -6
the plane is
X+2-3(y+2)-6(z-2)=0
X y z
—t——+—=1
o 8783 8/6
8 8
Therequd.sum=—8+§+g=—4.

(c) Equation of a plane through the line of intersection of
given plane is
ax+hby+cz+d+A(a'x+b'y+c'z+d)=0

= (a+ra")xX+(b+Ab)y+(c+Ac)z+(d+Ard) =0
Itisparallel toy=0,z=0

i.e., x-axis whose direction ratios are 1, 0, 0

~(a+2a')+0(b+Ab) +0(C+AC) =0 = A = —g.
Hence, the required plane is
y(@'b-ab')+z(a'c—ac)+(a'd—ad') =0

(b) Ifthe given pointsbe A (2, 3, 4) and B (6, 7, 8), then
their mid-point N(4, 5, 6) must lie on the plane. The direction

ratiosof ABare 4,4, 4,i.e.1,1,1.
A2 3,4)

B (6, 7,8)

The required plane passes through N (4, 5, 6) and is
normal to AB. Thus its equation is
Ix-4)+1(y-5)+1(z-6)=0=>x+y+z=15
(b) Weshall find the equation of a plane passing through
any three out of the given four points and show that the
fourth point satisfies the equation.

Now, any plane passing through (0, -1, -1) is:
a(x-0)+b(y+1)+c(z+1)=0 (1)
If it passes through (-4, 4, 4); we have

a(-4) +b(5) +c(5) =0 (i)
Also, if plane passes through (4, 5, 1) we have
a(4)+b(6)+c(2)=0

= 2a+3b+c=0 ...(ii)

Solving (ii) and (iii) by cross multiplication method, we
obtain

b

—:—:—:k
-5 7 -1

N\ |\
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Putting in (i), we get 73. () A(-1,4,3)
—5kx + 7k(y+1)—11k(z+1)=0 Y

(Required equation of plane)

Clearly the fourth point namely (3, 9, 4) satisfies this (3-1,-4)
equation hence the given points are coplanar and the C B
equation of plane containing those points is 73
68. (@) Thegiven linesare Let B be foot of L coordinates of B = (—255)
XTH =y= ZT_l .. Direction ratioof lineABis<2,1,3>som=1,n=3
X+2 7 So equation of AC is xtl_y-4_z273_,
3 3/b o 14
Since, lines are co-planar, then =pointCis(3L—1,—A+4,—4)\+3). -~ Clieson theplane.
SLOA-2-A+4-12A+9=4
a 1 a
3 3 =>A=1=C(2,3-))
3 1 = =0:—(——aj—1(a—3)=0
b b = AC =+/26
-1 0 - 74. () P(1, 2,3)

:>a—§—a+3:0
b

=b=1,ae R-{0}

69. (o) Let n=2i-3j+4k. Then, Q_| G%R
N 2i-3j+4k _2i-3j+4k

A=—=
Al Va+o+16 29 X+2y+7=14
Hence, the required equation of the plane is
?,( 2 i+ -3 j+ 4 |‘(j __5 Length of perpendicular Psz‘zﬁ
V29 V290 V29 ) 29 V6
70. (c) Equation of plane passing through (1, 1, 1) and QR = (PQ) cot60° = /2

perpendicular to line

1
x-1_y-1_z-1 Area of APQR of E(PQ)(QR)—\@

3 0 4 1S3x+4z2-7=0 75.  (c) The foot of the perpendicular
F(1,-2,0) lieson theplane ax + by —3z+ d=0
Distance of plane from the origin = 0+0-7_7 al)+b(-2)-3(0) +d=0 ;
P gin = Jo+16 "5 a-2b+d=0 (i)
71. (b Length ofperpendicular from the origin tothe plane szﬁ_ﬁ =(-1,-2,3)
ax+by+\/ﬁz—1:0 is The normal vector of the plane
ax+by-3z+d=0is A =(a,b,-3)
fororo-1 | 1 1 - BE(
a? +b212ab| |J(a+b)? (@+b)
-1 -2 3
72. () Here, a=2i+5j—3k, N=6i-3j+2k andd=4. SO, T T3

Therefore, the distance of the point (2, 5, —3) from the
Weget,a=1,b=2

(21 + 57~ 3k). (61 - 3§+ 2k) - 4| Substitute a= 1 and b = 2 in eqn. (i)

given plane s e - = =
|6i—3j+2k| 1-2x2+d=0=d=3
Hence,a+b+d=3+1+2=6.
_l2-15-6-4/ 13 (--distance—‘a'N_dD
T J36+9+4 7 ' N

N \\



76.

77.
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@ =, plane is determined by the vectors i+ j,i +k
1 J

= Both these vectors lie in the plane, or in other words
normal to the plane is perpendicular to both these vectors.

_)
Let n1 benormal tom,

:a=(f+])><(?+lz)=f—°—lz 78.

Similarly, for r,, we can have
n_2> =(]—I2)x(|2+f) =f+]+|2
Now, a is||line of intersection of ; & m,

=a (or the line of intersection of t; & 7, ) is L" to both
normal n, &n,

Therefore @ = nix n2 =@ —j—K)x (i + j+K)

ik

1 -1 - =0,|\—2’j+2§ 79.

1 1

N
a.b

- - -1

Now, angle between a & b =cos —
N

lallb]

-~ cos (-2]+2k)(i+ ] —K)
2243 |
| —2-2 2 _1( 2)
=C0S "|——=———=| =C0S ~|———| =CO0S -

Numerical value of which corresponds to option (a).
@ Let AB = B-A=(4,-4,3)
AC =C—-A=(-5,11,5)

Normal vector n = ABxAC

~ ~ A

i ]k
=4 -4 3=-531-35]+24k
5 11 5

Normal vector is (=53, —35, 24)

The given plane equation is 53x + by +cz+d =0
Normal vector (53, b, ¢)

We will use the normal vector (53, 35,—24) by multiplying
by -1

.. b=35andc=-24

Substitute one of the pointsi.e. A(2, 1, -1) into the plane
equation
53x+35y-24z+d=0
53(2) +35(1)-24(-1)+d=0=d=-165
d -165

L= --15
b+c 35-24

) P(1,2,1)imageinplanex+ 2y +2z=16
x-1 y-2 z-1 -2(1+2x2+2x1-16)
1 2 2 12422 422

= Q3,6,5)

Given T =—K +6 (i + ] +2K)

So AQ=3i+6]+6k
= 3(f +2] +2K)
Now fi = (i + 2] +2K) x (i + ]+ 2k)

= 2i+0j+k

Now equation of plane =2x-z=1

= point lying on plane from the option is (1, 2, 1).

(c) - Equation of rotated plane will pass through family
of the planes P; + AP, =0

(2x+y-52) + M(3x-y+4z-7)=0
or,2+3\)x+(1-A)y+(-5+4r)z-71=0
2x+y-52=0

Since, it is rotated by g

2(2+30)+(1-1)-5(-5+41)=0

=4+6L +1-A+25-201=0

A=2

Hence, required plane: 8x—y +3z-14=0

Putting x, y, z from the given options we get option (c) is
correct.

(b) Given planesare ax + by =0 (i)
andz=0 (D)
.. Equation of any plane passing through the line of
intersection of planes (i) and (ii) may be taken as;
ax+by+kz=0 (i)
The direction cosines of normal to the plane (iii) are :

a b k >
VaZ+b2 +k2 Va2 +b% +k2 +a? +b2 +k?
The direction cosines of normal to the plane (i) are :

< a b 0>
\/a2 +b? \/a2 +b?

Since the angle between the planes (i) and (iii) is a,
a-a+b-b+k-0

_ / a? +b?
\/az+b2+k2\/az+b2 a’ +b% +k?

= k?cos? o =a’(1—cos? o) + b? (1—cos? )

= CoSsa =

N\ |\
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81.

82.

2, 1 2yein2
_ k2 @ +b7)sin"a ¢~ k=+Va? +b? tana

COS2 (0}

Putting in (iii) we get, equation of plane as :

ax+by +zva® +b? tana = 0.

() The equation of line passing through (1, 2, 3) and
parallel to b is given by
r=(i+2j+3K)+2(byi +byj+ bsk) ()
The equations of the given planes are
r(i-j+2k) =5 (i)
and r.(31+j+k)=6 (i)
Thelinein eq. (i) and plane in eq. (i) are parallel. Therefore,
the normal to the plane of eq. (ii) and the given line are
perpendicular.

(i =3+ 2k) A (byi + bgj+bgk) = 0
= k(b]_ —b2 +2b3) =0
= (b]_—bz +2b3) =0
Similarly, (31 + j+ k)% (byi + boj+ b3k) = 0
= M3b;+b,+hby)=0 (V)
From egs. (iv) and (v), we obtain

by __ by b3

(-)x1-1x2 2x3-1x1 1x1-3(-1)

b _bp _bs

3 5 4
Therefore, the direction ratios of b are -3, 5 and 4.

b= b1i+ b2]+ b3IA< = -3i+5j+4k
Substituting the value of b in eq. (i), we obtain

(V)

r=(i+2]j+3k)+ (-3 +5]+4K)
This is the equation of the required line.

©

_,\\"" \'/%\

A(-4,°£, 1) B (2, —2 3)

N
N
mid point = (-1, 0, 2)

p
Given co-ordinates A(-4, 2, 1)and B (2, -2, 3), O isthe
origin.

- -

% A~
Normal vector = AB = (OB —OA) = (6i —4 j + 2k)

83.

84.

Mid-point of AB lies on the plane P with co-ordinate
=1,0,2).

Now, apply equation of plane
A(x-xy)+B(y-y;)+C(z-2)=0
P=6(x+1)-4(y)+2(z-1)=0

Required planeP=3x-2y+z+1=0
L=2x+y+3z-1=0

Angle between P and L = ‘ﬂ =¢0s 0
[ I |
Here, iy =31—2]+K: fiy = 21 + ] +3k
6-2+3
9=c05‘1(—]
V14 x 14

7 1 b
—rne—l| | —ppel| 2] = &
o= cos 5] =eosi(3) = 3

(b) The distance of point (1, 1, p) from the plane
r.(31+4j-12k)+13=0 or
(in cartesian form) 3x + 4y—12z+ 13=0, is
_[3x1+4x1-12xp+13|

| \32:a24 (127 |
_|3+4-12p+13| |20-12p|
| Jiee | 13|

The distance of the point (-3, 0, 1) from the plane
3x+4y-12z+13=0is

dp

()

[3x(-3)+4x0-12x1+13| _ 8

d2 = =

| V222 | B
According to the given condition,
d, =d,

20—12p‘=3 20-12p 8
= 713 137 13 13

Taking +ve sign, we get

20-12p 8 .,
13 13 P7
Taking —ve sign, we get
20-12p 8 28 7
13 13 P=12 73

(c) Any plane passing through the line of intersection of
the given planes is

(X+2y+3z-5)+A(3x-2y—-z+1)=0
= @+3)X+(2-20)Yy+(B3-A)z+(-5+A)=0  ..(i)

1+ 30

Intercept on X-axis is [Puty=z=0]

N \\
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Equation of plane is

5-—
3—

>

Intercept on Z-axis is

>

T .(-10] +10k) = (2i — 1).(~10j +10K)
R - o S o
Ghven e T3on T2 n.(-j+k)=(2i-j)(=j+k)
—y+z=1=>-k-2+2k=1=k=3

[A =5 is not admissible as in that case each intercept is

1.6 . ) .. Intersection point T =4i+5] +6k
zero]. Put ), = 3 in (i), we get the equation of the required

Now, 7.1+ j+k) =4+5+6=15,
plane as 5x+2y+52-9=0. r.(i+j+k)

> 111 88. Normal vector of required plane is
85. () DirectioncosinesofnareE,Z,E. ® q P
. i
Equation of the plane : A "
1q . P . n=nixnz=[2 -3 5|=-i+31j+19%
Z(x=N2)+=(y+D)+>(z-1) =0 5 2 -3
2 4 2
= 2(x=~2)+(y+1)+2(z-1) =0 Equation of plane
a(x-x,)+b(y-y)+c(z-z)=0
= X+y+22= 242-1+2 = 2x+y+2z= 242 +1 —1(x=3)+3L(y=2)+19(z-5)=0
86. (b) Letdirection ratios of the line be (a,b,c) , then =>x-31y-19z+154=0
2a—b+c=0 o b=-31,c=-19andd =154
a-b-2c=0 Now, 2b+3c +d=2(-31) + 3 (- 19) + 154=35
. a b ¢
e, - =—=— - A oA T A~
3 5 -1 89. (©) AB=-i-2j+k; AC=-i+2]

.. direction ratios of the line are (3, 5, — 1) Normal of plane passing through A, B, C is

Any point on the given line is (2+A, 2—4,3—2)). Itlies

on the plane rt if NN gk .
-1 2 0
ie, 4+20-2+01+3-21=4
. - " " N
e, n=-1 AD=-2i - j-k
('1. 3th5e) point of intersection of the line and the plane is Normal of plane passing through A, C, Dis
o ik
x-1 y-3 z-5 - 2 Ao
. equation of the required line is S ALy np=ACxAD=-1 2 0 |=-2i—]+5k
3 5 -1 o 1 1
87. (@) Equationoflineis
red
T =A1+i(32—a1) =i+2j+M(-i—]—2k) cosoo| M2 || 4+1-20 | 15
‘|—>”—>|‘ |V4+1+16+/4+1+25| 3470
_ _ n
X Yo2 T (k1 k+2,2K) iz
1 1 2
> 7 2D D D
n=(b-—a)x(c-a) 370
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p2=630—-225 =405 From (i) and (ii), we get
P=9.5 1+2A=1+s ..(ii)
-2=2+2t (iv)
tane=%=i A=—t+2s (V)
5 From the eq. (ii), (iv) and (v) we get
i 7 K -4 -2
I L k . t=—2 5= — A=—
90. d n=l2 -3 1 |=2i+5]J+11k 3 3
31 -1 5
. Put A =— intotheli f tion, t
.. Dr.ofplaneris (2,5, 11) ! 3 intothefine of equation, we g
So,a=2,b=5
. Equation of wis 2x +5y +11z+d =0 —r>=—_1€_2]_§|2

- Distance from origin is ./
-1~ n
The point of intersection is ?(l +6j+2Kk)

5 _‘W‘:m 30
V4+25+121 .
93. (@ A(1,-2,3)andB(6,4,5) lieson plane
d —d —d 'sof ABIS 5 + 674 2% Dr’ _y+z=
Intercept on the coordinate and in (7 5’ H) but Drisof ABis 51 +6 + 2k, Dr'snormal of 3x—y +2=2are
(3,-1,1)
given that all are positive so d = — 30 = — 3ab. Normal unit vector of r,

91. (@ Plane 2x+3y+z=1, normal vector

ik
6 2=8|+]—2I2
1

ﬁ)l=2iA+3j°+I2 1
Plane x + 3y + 22 =2, normal vector n, =i +3] + 2K The eq". of plane passing through A (1, - 2, 3)
and normal unit vector A is
The direction vector of the line 1 = ny x n, 8(x-1)+1(y+2)-23(z-3)=0
. 8x+y-232+63=0
i k
=n=2 ; 1]=37-3j+3k 1" distance of plane 7 f S
= =3 - istance of plane r from origin = ——
D plane In= 504

> O - e
Direction vector of positive x-axis b =1 , 9. () OA=i+2j+k;0B=2i+]+3k

N BC =-3i—k
N
. _nb 3 1 Normal vector of face OAB
.. cosa = = -
S0 331 A3 P
In|lb] i j k
92. (@) The equation of the line is n=0OAxOB=[1 2 1|=5-]-3k
2 1 3

T =(-2])+ 12 +k)
N A A A . Angle between face OAB and BC is

r=>0+20)i-2j+Ak (1)
The equation of the plane is

T =(+2§)+12]—k) +s(i +2k)

T = (L+9)i+(2+20) + (=t + 2sk) (D) _ 12 [ (72 _ g gt 62
“ 350 V350 V175 57
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95. (b) P(,-2,3)

Q T R

(o, o, 0t)

Given the planes —x + 2y —z = 0 & 3x - 5y + 5z whose

intersection pointis P.
Now, find normal from point Pto line QR.

~ ~

i ] kK
n={-1 2 -1
3 5 2

=) - jO +K(D) n=—i - j-k

E ationofLisﬁ—X—E
au 1 1 1
X y z X
Take ===~ =7
Then,y=i,z=2

So, the coordinati of T is (A, A, 1)

DR: of PT — A-1, A+2,A -3,

DR:of QR - 1,1,1

= A-1)x1+A+2)x1+(A-3)x1=0

2
=2, A==
3
pT? —1+%+£
9 9 9
pr2 114
9
FJ_|_=\/114
3
INAPTQ
cosf= T
PQ

V114 1 457 \19x3 19

0S0 = X = = =
3 32 9 3x3 33
00526=2X19—1=E
27 27
2
sin 20 = 1-(&] _V38V16 4 o
27 27 27
Area of APQR
=1absin29
2

N\ |\

Area:%xfxfx%m

Exi\/g—zgﬁzg\/@ square units.

2 27
X1—2_y1+2_21—1_—(2+4+1—1)

96. (c) 1 > 1 5
X;=1,y,=0,2y=0=1=1+0+0=1

2+4+1-1
d=T=*/g::zl+3d2=19.

97. @ P(2,B,a)liesonx+2y—-z-2=0
=2+23-0-2=0=>0a=2f3 (i)
Q(o,-1,p)lieson2x-y+3z+6=0
=20+3B+7=0 (i)

Solving (i) and (ii), «=-2,p=-1 PQ = —4{ +k

—4 1
So, direction cosines are [EOTJ

H . Xy 7
98. () Equation of L, will be 5 ==~
Equati f L. will b X_y_2z
quation of L, will be 5 = =—
B
2 3 -1

= (-1+15)i - (-3+10) J+ 7k =141 —7]+7k
.. Equation of plane is
14 (x-0)-7(y-0)+7(z-0)=0=2x-y+2=0
x-1 -2 z+3
99. (d) Sinceequation of line L is =y-c_
2 1 2
Xx-2 y-1 z+42
and equation of the planeis |-2-2 -3-1 6+2|=0
0-2 2-1 -1+2

= Xx+y+z=1
Now, angle between line and plane is given by

1x2+1x142x1 | 5

i 2211+22| 3x3

sin9=|

5 25 2 2
sin“0=— =c05“0=—
= 27 27

= 27c0s?0=2.

100. d) Giventwo planesare2x+y+z+1=0and
2x+y+z+a =0; Since, these are parallel planes
So, distance between them
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3. (@ Givenequation of plane is

[1-o | [1- |
_ - _

= =3 x-3y+5z=d
V4+1+1 V6 Since, it passes through (1, 2, 4), then
Sll-al=3V6=>1-a=43V6 = a =1-316,1+3V6 1-3(2)+5(4)=d
= 1-6+20=d

d=15
Now, product of all value of o Therefore, the equation of the plane will be
=(1-3J6)(1+36)=1-9x6=-53 x-3y+52=15

i—ﬂ+2—1 i+l+£:1
m PREVIOUS YEARS MCQs = 15 15715 715 -5 3

Hence, the intercept cut by the plane on axes X, Y, Z are

I+m-n=0=n=1l+m 11
Now, put the value of n in another equation then, 4.  (c) For (_’? kJ to represent direction cosines, we
312+m+cl(I+m)=0 hould h V2
3I2+m2+cI2+cIm=0 shou . ave ,
(3+0)12+clm+m2=0 (LJ +[1) K2 o1
LY (1 V2) 2
3+c)|— | +c|— |+1=0 i 1
( )(m) (m) -~ or, %+%+k2=1 = k=¢E
Given that lines are parallel. 5. (d) The equations of the given lines are not in
Then, roots of (i) must be equal = D=0 symmetrical form. We first put them in symmetrical form.

c2-4(3+c)=0=>c3-4c-12=0
(c-6)(c+2)=0=c=6o0orc=-2.
Therefore, +ve value of ¢ = 6.

Equations of the first line are x =ay+b,z =cy +d.
These equation can be written as

2. (b) Givenlinesl,,l,and l;are x-b  z-b Orx—b_y—O_z—b .
o X-2_y+l_z-2 a V¢ a 1 ¢ (0
'3 —23 0 Similarly, equation of second line
| x-1 Y*5 745 x=a'y+b',z=c'y+d" can be written as
21 a 2 x-b y-0 z-b' ;

2 — = =— (i)
1 a 1 c
x-1 Y75 z-0 Clearly, d.r’.s of the first line are a, 1, ¢ and those of the
I3: = 2 4 second line are a’, 1, ¢’. Now lines (i) and (ii) are
13— a+0] perpendicular if aa’+cc’'+1=0
hll= > =0=>a=3 6. (@) Letthe coordinate of foot of perpendicular be (x, y, z)
J13 /1+°L+4 X+2 y-1 z+1
4 Take, = = =\
angle between |, & I, 4 2 3
1x(=3) +(—2)((;j+ 2x4 (%, y,2) = (4h—2, 20 +1, 3L 1)
cos0= 02 Equation of line from point A to point
1+4+—~9+16+4 . ~ .
4 P= (4A—3)i +(2L-1) ] + (31 -5)k
| -3—a+8]
6080 = 2 Li through the vector b. Then, b =4i + 2] +3k
ine passes throu evector b.Then, b=4i +2]+
5+%@ P J J
So, AP.b=0
puta=3=c0s0= =—
\E@ 29 441 —3)+2(20.~1) +3(3—5) =0
(4 (29 200 =12+2+15=29 =1=1
0=1C0S | — |=>0=sec| — . .
29 4 Now, put the value of A in the value of point P.

Then,P=(2,3,2)

N \\
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Distance of point P from the plane 3x + 4y + 12z + 23 =0.
Required distance

_|6+12+24+23 _‘65‘_5
Jo+16+144 |' ~  [13]

d 2i—pj+5k and 3i+pj+pk are perpendicular
= 2x3+p(-p)+5(p)=0

= p=-1 orp=6

Hence for p = 6, the lines are perpendicular.

(@ Thegivenlineis

5
x-2 2y-5 x-2 Y75 z+1
—:—:Z-’-l, = =
2 3 72 30
2

This shows that the given line passes through the point

5 -3
(2,5,—1) and has direction ratios (2,?,0). Thus,
given line passes through the point having position vector

a= 2?+g] —k and is parallel to the vector

T -~ 3’: ~
b= (ZI —Ej —ij . So, its vector equation is

?:(2i+§]—12)+x(2i—§]—0|2).
2 2
Hence,p =0

(d) Givenpointsare
A(2,3,9); B(5,2,1); C(1, 2, 8); D(A, 2,3)

[ABACAB]-0

3 -1 -8

-1 A-3 -1=0
A-2 -1 -6

= [-6(L-3)-1]-8(—-(r-3)(A-2)) +(6+ (L-2)=0
3(-6L+17)—8(-A2+51-5) + (L +4) =8
8\2-571+95=0

Apply the rule of product whose roots are of.

oc[3=%

(@) Here, & =-7i+6], by =—6i+7j+k
a, :7i+2j+6I2

by =—2i+j+k

d,—d; =141 — 4+ 6K

i ]k
byxb,=|-6 7 1|=6i+4j+8k
2 11

11.

12.

13.

14.

(82 —dy)- (byx by) _ 116

Distance = e
|bl X b2| \]116
=116 = 2429

(b) Let (x, YV, z) be the point which divides line segment
joining A(1, -2, 3) and B (3, 4, -5) internally in the ratio
2: 3. Therefore

(2330 _9 2(4)+3(-2) _2

2:3 5777 2i3 5
29433 -1
~ 2+3 5

T (gz—_l)
Thus, the required point is 55’5

111
Sinced. c. of lineare y—,—,—
@ si ! {c c c}

i2+i2+i2=1:> c?=3=c=+/3
c° ¢c° ¢
(@ Itisgiven that, the foot of perpendicular from point
Q (a, b, ) to the yz plane is A(0, b, c) and the foot of
perpendicular from point Q to the zx plane is B (a, 0, c).
Let the equation of plane passing through the point (0, O,
0)be Ax +By+Cz=0 ... 0]
As it is passing through the point A(Q, b, ¢) and B(a, 0, c).
S0,0+Bb+Cc=0andAa+0+Cc=0
= Cc=Bband Cc=-Aa
Therefore, —Aa=-Bb=Cc=k
= A=—5,B=—5and c-X
a b c
I(x k +k z=0 [From Eq. (i
PR s [From Eg. (i)]

_i_l.’.i:o Or§+z_£=0

a b ¢ b ¢
() Fromthe figure

C(X3, Y3, Z5)

(0, m, 0) (0,0,n)

|

B - A
(X1 Y2 25) (.0.9) (X1, Y1r 29)
Xy +X,=2l,y;+y,=0,2; +2,=0
Xo+X3=0,y,+ys=2m,z; +23=0
and X; +X3=0,y; +y3=0,2; +23=2n
Onsolving, we get x; =1, x,=1,x3=~1
Y =-m,y,=my;=mandz, =n,z,=-n,z;=n
. Coordinates are A(l,— m, n), B(I, m, —n) and C(-I, m, n)

N\ |\
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15.

16.

17.

18.

AB? + BC? + CA?

12 +m? +n?

_ (4m? +4n) + (417 +4n%) + (417 +4m?) g 19.

12 +m? +n?

@ Letthelinebe§=%=% ()
x-1

If line (i) intersects with the line >

_y+3 z-5
=T —3 ,then

a b ¢
2 4 3|=0 = 9-7b-10c=0 (D))
4 -3 14

From (i) and (ii) , we have %: _

ineis v =Y _%

Thelineis 1- 375
(d) Equation of plane passing through (1, -3, 1) and whose
normal (1,-3, 1) is
1(x-1)-3(y+3)+1(z-1)=0
=>x-3y+z-11=0

X_ ¥ Lt
RETEETTERET!
The above plane intercept the x-axisat 11.
(b) Let D (x, Y, z) be the required point, Then, the mid-

. . . 1 2 z-4
point of diagonal BD is X+ Lz_j

2 2 2
Also, the mid-point of diagonal AC is

3—1, —1+1, 2+2 ie. (1.0.2).

2 2 2
But, the mid-points of the diagonals of a parallelogram
always coincide.
.'.)(—-|-1=1,y-|-2 =0 and Z;4=2
2 2 2

So,x=1,y=-2,andz=8.

Hence, the required pointis D(1, -2, 8). 21.

X+1 y-3 z+2 .
-3 2 1
a(x+1)+b(y-3)+c(z+2)=0 . (1)
where—3a+2b+c=0 (D))
If the plane passes through (0, 7, - 7).

a+4b-5c=0 .. (i)
From Egs. (i) and (iii),

a _ b ¢
-10-4 1-15  -12-2

() Anyplane containing

20.

Therefore, the plane (i) becomes
(x+1)+(y-3)+(z+2)=0
= X+y+z=0
(@ Theequations of line BC are (using two point form)
Xx-1 y-4 z-6 _  x-1 y-4 z-6
51 4-4 46" 2 0 1
Any point on this line is (2t + 1, 4, -t + 6). If this is the foot
of perpendicular from A on the line BC, then d.n. of this
perpendicular are
<2t+1-1,4-1,-t+6-1> ie <2t 3,-t+5>
Using condition of perpendicularity, we have
() (2)+3%x0+(-t+5)(-1)=0 =5t-5=0=t=1.
-, Required foot of perpendicular is (2+1,4,-1+6) = (34, 5).

r 11,1
B CG5 4,4
(1, 4,6) IN
(@ Equation of the line through (1, — 2, 3) parallel to the
line > =Y = 2t is
2 3 -6
x-1 _y+2 z-3 _ .
> T3 T % =r (say) (i)

Then, any point on Eq. (i) is
(2r+1,3r-2,-6r+3).

If this point lies on the plane x —y + z =5, then
(2r+1)-(3r-2)+(-6r+3)=5

1
= -7r+6=5=r= 7
Since, the point is (g—EEj .
7077
Distance between (1, -2, 3) and (g,_ll,gj

-[55)- (6)

(@ Any plane through the given line
2X—-y+3z+1+7(x+y+z+3)=0 (FromS+AS'=0)

X z
If this plane is parallel to the line 1° % =3 then the

normal to the plane is also perpendicular to the above line.
2+2)1+(-1)2+(3+2)3=0
(- 1yly + mym, +n;n, =0)
3
= A= —E

and the required plane isx -5y + 32— 7 =0.

N \\



22.

23.

24.

25.
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@ Here; ”F’T““l:g, = p+q=1 i)
—_8+2+5p=—5 = 5p+q=-7 i)
and ﬂﬂ =>r=2

Subtract (ii) form (i), we get:
ptq-5p-q=1+7
=>-4p=8=p=-2.
from (i) we get,
-2+0=1=q=3.
Lp=-2,0=3&r=2.
(d) Angle beween the lines :
X=% _Y=-W%_2-743
& by C
X=X _Y=-Y¥2_12-7
ay b, Co

and s
aay +hib, +0C) |
2 12,2 [22, 12,2
\/al +bf +¢f \/az +0) +Cz‘
.. angle between two given lines is :
QO +2)2)+ 1)
Va+a+11+4+4 |
2-4+2
9
=cos0 =0= 6=90°.
(c) Herethe given three points P (6, -1, 2),
Q(8,-7,2))and R (5, 2, 4) are collinear.
we know that if three points (x;, y;, Z;),
(X5, Y51 Z,) and (X3, y3, Z3) are collinear, then

cos =

cos0 =

WX MY 4D
X=X3  Y2—VY3

2, -3

6-8 -1+7 2-2)
" 8-5 -7-2 2h-4

=2 222 gyis-6-61
3 2r-4
= 2A=-2 = 1=-1L
(d) letthe co-ordinates of foot of perpendicular from the
orgin (0) tothe plane 2x—y +5x =3isP (a, b, ¢).
.. direction ratios of OP are< a, b, ¢ >
which is also the direction ratios of normal to the given
plane.

26.

27.

IO
P(a,b,c)
2X—-y+5x=3
.a_b_c_
"2 -1 5

=a=2k,b=-k, c=5k.

~» P(a, b, c) passes the given plane
5 2(2K)— (k) +5(5k) =3

=4k +k+25k=3

o3t

=730 10
a=£=l;b=—iand c=>-1
10 5 10 10 2

(@ We know that equation of plane passing through a

point with position vector 3 and normal tothe vector T is:

(F-a)-n=0
- the plane passes through (-1, 2, 1)

R . 2]+I2

Also plane is perpendicular to the line
containing (-3, 1, 2)and (2, 3, 4)

LA=5+2]+2K

.. required equation is:
[F—(-i+2]+K) |.G5I +2]+2K) =0

= F.(51 +2]+2K) = (- +2] +K).(51 +2]+2K) | =0
— T.(51 +2]+2K)~[-5+4+2]=0

= F.(5f+2]+2|2):1
() Leta, b, c bed. rs of desired line which is also
perpendicular to the given lines.

. 2a-2b+c=0

a-2b+2c=0

R b
2 1|12 1] ]2 -2
-2 2 1 2 1 -2

N\ |\
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U I
|

b ¢ = 35=6A-1or-35=6A -1
—4+42 4-1 -4+42 17
Hence, A =6, ——
a_b_c °
-2 -3 =2 . Xx-1 y+1 z-1 .
.. direction ratios are < -2, -3, -2 > 30. () Since, 2 2 T 4 =h ()
Hence equation of desired line is
ang X°-Y0.Z (i)
x—3=y+1=z—20rx—3=y+1=z—2 1 > 1

-2 -3 -2 2 3 2

28. (b) Consider (xy,Y,2;)=(-3,2,-5) Now, any point on the line (i) is P(2 A+1,2 -1,

As, the line is equally inclined to coordinate axes. 42+1)

I=-1, m=landn=-1 o 20+1-3_2)-1-6 _4A+1 [from (ii)]
Since, the equation of line passing through 1 2 1
(X4, ¥4, 1) and direction cosines I, m, n is So b= 2h—T = 2)—-3
X=X _Y=Y_2-74 Hence, point of intersection P is

| m n

3 3 3
ence, —— 1 1
E(—Z,—4,—5)

29. (@) The coordinates of given point is (2, 3, A ). So,
31. (@) Equationofgiven lineis

equation of the plane is ?,(3f+ 2]+6I2) =13 Xx+2 2y-5
—= ,Z+1=0
e a A A A A 2
:(xi+yj+zk).(3i+2j+6k)=13 y_5
= 3x+2y+62-13=0 o X*+2_ 2,2+1=0
Therefore, distance of the plane from the given point 2 e
(2,3, X)) will be 2

3
So, DR of given lineare< 2, —,0>
3x2+2x3+6x1-13 2

=5[Given| 2
2 02, @2 2 Ej — g: Ezg
| V2246 | As, 4}2 +[2 +0 ‘/4+4 f4 >
' 2 32 4 3

61 -1
N
67—

— +5= DCofgivenlineare< ——,——,0>0r<—,=,0>

5/2 '5/2 5'5

= +35= 1

N \\



Linear Programming

WARM-UP

Topic-wise MCQs

n

(c) Optimum value of objective function.

(d) Twoor more variables.

(b) The half plane containing the point (h, k) and the points
onax+hby=4.

(@ The half plane that contains the positive x-axis.

(c) Inlinear programming problem, concave region is not
used. Convex region is used in linear programming.

(c) Two constraintsare x>0, y >0 and the third one will
be of the type ax + by <c.

(c) x+y<100; 400x +900y < 30000
or 4x +9y < 300 and 100x + 120y =c.

(c) The given information can be expressed as given in
the diagram:

In order to simply, we assume that 1 unit = 1000 bricks
Suppose that depot A supplies x units to P and y units to
Q, so that depot A supplies (30 — x —y) bricks to builder R.
Now, as Prequires a total of 15000 bricks, it requires (15
— X) units from depot B.

Similarly, Q requires (20 — y) units from B and R
requires 15 — (30 — x —y) = x + y — 15 units from B.
Using the transportation cost given in table, total
transportation cost.

Z = 40x + 20y + 20(30 — x — y) + 20(15 - x) + 60
(20 —y) + 40(x +y—15)

= 40x — 20y + 1500

Obviously the constraints are that all quantities of bricks
supplied from Aand B to P, Q, R are non-negative.

- x20,y>0,30-x-y=>0,15- x>0,20-y>0,
X+y-15>0.

N\

10.
11.
12.

13.

14.

15.

16.
17.

18.

Since, 1500 is a constant, hence instead of
minimizing Z = 40x — 20y + 1500, we can minimize Z
= 40x — 20y.

Hence, mathematical formulation of the given LPP is
Minimize Z = 40x — 20y,

subject to the constraints:

X+y>15 x+y<30,

x <15,y €20, x>0,y>0

(b) The shaded region represented by 4x —2y <-3.

(c) Given by corner points of the feasible region.

(a) The problem is to be re-evaluated.

(c) Ifa L.P.P admits two optimal solution, it has an infinite
number of optimal solutions.

(b) The given shaded region is the solution of the
following inequalities—
X+y<7=2x-3y+620=x20,y>0

(c) Obviously, solution set of constraints included the
point (3, 4).

(a) The linear constraints are x>0,y >0, 3x + 2y > 12,
X+3y>11.

. . 21 69
(c) Zis325-5 maximum at (3 ; ?).
(a) Following figure will be obtained on drawing the
graphs of given inequations.

From 3x—-y>3 v
O T T =X
(0, -3)
(0,-4) 4
XY
1 -3

From4x-y>4, = §+l =1.

1 -4
Clearly the common region of both is true for positive
value of (X, ).
(a) The equations, corresponding to inequalities 3x + 2y <6
and 6x +4y> 20, are 3x +2y=6and 6x +4y= 20, So
the lines represented by these equation are parallel. Hence
the graphs are disjoint.
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19. (d) y 22. () N
A
ﬁ' (0!4)
C(0, 20
2010, 20) 2x+y=4
151
(2.0)
101 R >X
- B(15, 5) y=5
A \ Xx+2y=0
X< ) 5 16 1:5 20 2:5 >X 23. (c) Common region is triangle.
v, +x y
y D
(0, 5)
Corner points | Z=7x-8y y=4
A(0,5) Z=-40 =<
B(15,5) Z=65 C”D
Z=-160 X
C(0,20) . 0f (4,0
(Minimum) RN
+X
Hence minimum at (0, 20). 7
20. (c) Ingiven all equations, the origin is present in shaded \\“’o
area, option (c) satisfy this condition.

21. (c) Letthe manufacturer produce X units of type A circuit . .
and y units of type B circuits. 24. (d) Here(0,2),(0,0)and (3, 0) all are vertices of feasible

Maximise Z = 50x + 60y, subject to 2x + y < 20, x + 2y < 12, region. Hence option (d) is correct.
X+3y<15x>0,y>0.

058"
I (0,51 5x +3y =15
20 2X+3y =6
5 ©,2
-
0 10N 12~ 15X 39 >
0 X

Corner Points Z=50x+ 60y
0(0,0) Z=0 25. (a) _
A(10,0) Z-500 (C(Z)o:)r;er Points %fgx +7y
B(9,2) Z=570 Maximum (0: %) > =14
C(05) Z=300 (7,0) Z=35
(3, 4) Z = 43 « Miximum

N\
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217.

28.

29.

30.

N\
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@

X
A
A\
@
Corner Points Z=4x+y
0,0 Z=0
(30, 0) Z =120 « Maximum
(20, 30) Z=110
(0, 50) Z=50
0
2x+y =236
6x +y =60
Corner Points Z=20x + 9y
(18, 0) Z =360
(6, 24) Z =336 « Minimum
(0, 60) Z =540

(b) Table of values of the objective function:

()

@)

Corner Points

Value of Z = 4x + 3y

(0, 0) 4x0+3x0=0
(0, 40) 4x0+3x40=120
(20, 40) 47X 20 + 3 X 40 = 200
(60, 20) 4% 60 + 3 x 20 = 300 < Maximum
(60, 0) Zx60+3x0=240

Table of values

of the objective function:

Corner Points

Value of Z = 3x — 4y

(0, 0) 3x0-4x0=0
(5,0) 3x5-4x0=15 < Maximum
(6,5) 3x6-4x5=-2

(6, 8) 3x6-4x8=-14

(4, 10) 3x4_4x10= 28

(0, 8) 3% 0_4x 8= 32 < Minimumi

Minimum of Z =- 32 at (0, 8).

Table of values

of the objective function F:

Corner Points Valueof F = 3x-4y
(0,0) 3x0—-4x0=0« Maximum
(6, 12) 3x6-4x12=-30
(6, 16) 3x6-4x16 = —46 « Minimum
0, 4) 3x0-4x4=-16

Hence, maximum of F =0

31.

32.

33.

34.

35.

(d) Table of values of objective function:

Corner Points Valueof F = 4x-6y
0,2 4x0+6x2=12 < Minimum
(3,0) 4x3+6x0=12 «— Minimum
6,0) 4x6+6x0=24
(6, 8) 4x6+6x8=72
(0, 5) 4x0+6x5=30

Since the minimum value (F) = 12 occurs at two distinct corner
points, it occurs at every point of the segment joining these
two points.

(b) We must have value of Z at (3, 0) = value of Z at (1, 1)

1
= 3p+0q=1p+1q = 3p=p+q=p=3q

b Z+L<
40 40

(0, 40)

B(20, 20)

X,
and 530 <"
and z =3x + 4y
Here OABC is a feasible region
0(0,0)=0, B (20, 20) = 140 (Maximum)
A (40,0)=120,C(0,30)=120
(c) The given shaded region is

Aky
(05) X=6
D c y=3
—] —— X
“0)\A |[B

Equation of line ABisy =0
Equation of line BC isx =6
Equation of lineCD isy = 3
Equation of line AD is 5x + 4y = 20
So the required inequalities are

5x + 4y > 20
X<6=y<3=y=20,x=0

(d) Given constraints,
X+2y<2,x+2y>8,x,y=0
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The region formed by above inequalities are

A

N

y

/.

N N

So, from graph, it is clear that there isno common region
which can satisfy all the constraints.

So, there is no feasible region.

= Z has no feasible solution.

31
36. (b) Zis7 minimum at (5,5).

37. (b) Let number of bags of cattle feed of brand P = x
And number of bags of cattle feed of brand Q =y
Therefore, the above L.P.P. is given as :
Minimise, Z = 250x +200y , subject to the constraints :
3x+1.5y>80, 2.5x + 11.25y >45,2x + 3y >24, X,y >0,

Corner points Z=250x+200y
C(0,12) 2400
B (18,0 4500
D(3,6) 1950 (Min.)
A2 2650

Here Z = 1950 is minimum.
i.e. 3 bags of brand P and 6 bags of brand Q;
Minimum cost of the mixture = ~ 1950.

38. (c) Letnumber ofnecklaces and bracelets produced by firm

per day be x and y, respectively.
Maximise z = 100x + 300y,

subject to the constraints,

X+y>24
2X+y =32 .
X, y>0 | N :
Corner points Z=100x+300y

0,0 Z=0

(16,0 Z=1600

(8,16) Z=5600

(0, 24) Z=7200 (Max)

39. (b) Letx machines of type A and y machines of type B be
bought Maximise Z = 60x + 40y. Subject to constraints

5x + 6y <45,3x +2y<18s.t.x>0,y>0

40.

CornerPoint |  Z =60x+40y
0(0,0) Z=0
A(6,0) Z =360 Maximum

%)
4'8

C(O, Ej z =E3OO
2 2

Z =360 Maximum

Hence, either 6 machine of type A and no machine of type B
or 2 machine of type A and 6 machine of type B be used to
have maximum output.

®)
Corner Points Z=3x+4y
(0, 38) Z=152
(52, 0) Z =156
(44, 16) Z =196 « Miximum
0,0 Z=0

ACCELERATOR

Topic-wise MCQs

1. (b) The constraint are short in number.
2. () ‘p’is a linear inequality and ‘q’ is a non-linear
inequality.
3. (@ Minimize Z=5x + 7y
4.  (a) Let the number toys A and B sold by the dealer be x
and y respectively.
5. X>0,y>0[--Number of toys cannot be negative]
.. Objective function is Maximize Z = 10x + 15y.
Also constraints are x +y < 40, 75x + 90y < 580
5. (c) Theconstraintsare 5x + 4y <20, 6x + 3y<12,x>0,y>0.
6. (b)Let x = number of table clothes produced in a day,
and y = number of curtains produced in a day.
5. X>0,y>0[-- Both items cannot be negative]
Representing the given information in tabular form, we get
Table cloth (x) | Curtain (y) er.umum
requirement
Money 50 250 500
earned (7)
- 50x + 250y > 500
.. Total hours = Z = x + 3y
.. Required LPP is formulated as
Minimize, Z = x + 3y, subject to 50x + 250y > 500, x > 0,y >0
. . X y 8 _ _
7. (b) (xy)willbemaximumat —===— = x=4,y=4
1 1 1+1
. Maximum value of xy = 4 x 4 = 16.
8. (a) AsZismaximum at (30, 30) and (0, 40)
= 30a+30b=40b=b-3a=0
9.  (d)P—linear, Q — convex, R — bounded, S — maximum
10. (b) Ifan LPP admits optimal solutions at two consecutive

vertices of a feasible region, then the optimal solution
occurs at every point on the line joining these two points.

N\
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12.
13.

14.
15.

16.

17.
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(c) We observe, (0, 0) does not satisfy the inequality
X-y=>1

So, the half-plane represented by the above inequality
will not contain origin therefore, it will not contain the
shaded feasible region.

(b) The strict inequality represents an open half plane
and it contains the origin as (0, 0) satisfies it.

(c) The objective function maximizes the combined profit
earned from selling X and Y.

(@) Assume that x and y take arbitrary large values. Sothe
objective function can be made as large as we want. Hence,
the problem has unbounded solution.

(b) The feasible region is unbounded, x and y can take
arbitrary large values. Hence, the problem has unbounded
solution.

(a) Condition (i)

=1, X ¥ X T XqgF e, + Xqp

122, X1 + Xopp ¥ Xog ¥ e, + Xop
1=3,X37 + Xgp ¥ Xgg ¥ v, + Xqp

=M, X ¥ X T X gt + X,n—> M constraints
Condition (ii)

=L X F Xy X gy F e, + X1

J52, Xt Xt X gy F s T X2

J= 0 Xy, Xop F Xgpy X —> N CONStraints

.. total constraints = m + n.

(c) We find that the feasible region is on the same side of
the line 2x + 5y = 10 as the origin, on the same side of the
line x —y = 4 as the origin and on the opposite side of the
line x + 2y = 1 from the origin. Moreover, the lines meet the
coordinate axes at (5, 0), (0, 2); (1, 0), (0, 1/2) and (4, 0). The

30 2
lines x —y=4and 2x + 5y = 10 intersect at (77) .

The values of the objective function at the vertices of the
pentagon are:

18.

19.

20.
21.
22.

5 5
i =0+—=— M = =
0] z +2 > (i) z=2+0=2
) 60 10
(i) Zz=8+0=8 (|V)Z=7+7=10

(v) Z=0+10=10

The maximum value 10 occurs at the points D(30/7, 2/7) and
E(0, 2). Since D and E are adjacent vertices, the objective
function has the same maximum value 10 at all the points
on the lines DE.

(d) Maximum value of Z = px + qy occurs at (3, 4) and (0, 5),
At(3,4), Z=px+qy=3p+4q

At(0,5), Z=0+q-5=5q

(b) Minimize Z=5x+ 4y

Subject to constraints;

20x + 25y >22,20x + 15y >18,x>0,y>0

(0.9,0) (1.1, 0)

Lines I, and I, meet at E(0.6, 0.4).

The feasible region has been shaded and it is an
unbounded region with vertices A, E and D.
Minimize Z = 5x + 4y
AtA(1.1,0),Z=5x1.1+x0=55
AtE(0.6,0.4),Z=5%x0.6+4%x0.4=4.6
AtD(0,1.2),Z=5x0+4x12=48

.. The minimum cost of producing this cereal is ~4.6
(d) Clearly point (2000, 0) is outside.

(d) 36at(0,6).

(@ Given,Z=3x+9y

At (0,20),Z=3%x0+9%x20=180
At(15,15),Z2=3x15+9x 15=180
At(5,5),Z=3x5+9x5=60(minimum)
At(0,10),Z2=3x0+9x10=90

So, minimum value of Z occurs at (5, 5).
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23. (c) Firstdraw the graph ofthe given in equalities 27. (c) Shaded region lies on origin side of 3x + 10y = 30
So, the shaded region is the feasible region. and x = 6, and on non-origin side of 4x + 5y =20
Let maximum value of - 4x+5y>20,3x+ 10y <30,x <6, %,y=>0
bxy + y22 be k, then 28. (d) Since there are two disjoint feasible regions, the LPP
bxy+ys=k 0,25 has no solution.

For a solution with ** 29 The feasible region is disioint
feasible region, . (@ The f-za3| e eglo is disjoint.
Bxy +y2 = kand 4x + = There is no solution.
3y = 75 must have
atleast one positive 0
solution. \ 30. (@ Y
=10
) 75-3y) , Xty
y +6y[—4 ~k=0 Dm@
2 B(0,6)

7 , 225 225 7

Sy 2%y ik=0 —— | >4.—k

2l T YT = ( 2 ) 2 0)

2 XSO A, o\\ X
I(S225 ~904 \4 2x+3y =18
6

Hence, the required maximum value of z is 904. The feasible region is disjoint.

24. (c) i .. There is no point common to all inequations.

Corner Points Value of Z=4x+y . There is no maximum value of Z.
A(0,50) Z=50
B (20, 30) Z=80+30=110
C@0,0) Z=120 (Maximum) 3L v
0(0,0) Z=0 1
N0, 5)
3 24 3 24\ 51 D(0, 4) C(2,4)
Pl = == | Z=—"+2| = |===3923 < >y=4
25 bAa (13 13) 13 (13) 13 y
E(0, 1)
At Q(g,l—),2=§+2(%)=9
X € >X
O} AL, 0\ B(10, 0)\,
Y’ X+2y=10
At R(Z,E),Z=Z+2(§)=5 x+y=1 y
2 4 2 4
At S(E,E),zngr 2(2)=£=3_143 The corner points of feasible region are A(1, 0),
[ [N A B(10, 0), C(2, 4), D(0, 4) and E(0, 1)
2 AtA(1,0),Z=1+0=1
.. Maximum value of Z is 9, and minimum value of Z is 7 AtB(10,0),Z=10+0=10
26. (b) The corner points of the feasible region are AtC(2,4),2=2+4=6
25 AtD(0,4),Z=0+4=4
0(0,0), E(12,0), H(18, 2), G(5, 15), D (O, ?) AtE(0,1),Z=0+1=1

. . Z has minimum value at both A(1, 0) and E(0. 1).
.. The maximum value of 4x + 5y isat G(5, 15)

- Maximum 4x + 5y = 4(5) + 5(15) = 95 - Z has infinite solutions on seg AE.

N\
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34.
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The feasible region lies on origin side of all the linesand
in first quadrant.
.. The corner points of feasible region are

2 7
0(0,0), A2,0), B(2, 1), c(g,g) and D(0, 1)

Maximum value of Z=3x + 2y isat B(2, 1)

s MaximumZ=3(2) +2(1)=8

(b) Shaded region lies on origin side of x + 2y=8 and x —
y=1, and on non-origin side of 2x + y = 2.
LX+H2y<8,X-y<1 2x+y=>2

©
Y
N B(0,7)
\ D(O,
E(4, 3)
X’ > X
S A(7,0)\_C(10, 0~
A x+2y=10
Y’ X+y=7

Feasible region lies on origin side of x + y=7 and

x+ 2y =10, and in first quadrant.

The corner points of feasible region are O(0, 0), A(7, 0),
E(4, 3)and D(0, 5)

. Maximum Z =5x+ 2y isat A(7, 0)
~.MaximumZ=5(7)+2(0)=35

35.

36.

d Y
\ (0, 10)
™~
c0.6) B(3, 4)
L 0.0

00,0 AG, 0 ~
\ 2x+3y =18
Y’ 2x+y=10

Feasible region lies on the origin side of 2x + y =10

and 2x + 3y = 18 in first quadrant.

The corner points of the feasible region are O(0, 0),
A(5,0), B(3,4)and C(0, 6)

AtA(5,0),Z=45

AtB(3,4),Z2=79

AtC(0,6),Z2=78

.. Maximum value of Zis 79.

©
X
N O, 7)
C(o,mj
3 B(5, 2)
: (8,0)
X < > X
0(0, 0) A7, 0)\\
;;, X+y=7 2x+3y =16

Feasible region lies on the origin side of x + y =7 and 2x
+3y =16, in first quadrant.
The corner points of the feasible region are O(0, 0),

A(7,0),B(5,2)and C (0, %)

N\
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AtA(7,0),Z=21
AtB(5,2), Z=19

A C(O E) z-g =10.67
t 3 ) 2= =10
.. Maximum value of Zis 21.
37.
®) oy
X + y= 4
N
D(0, 8)
=
B(0£2) %, 1 Szl) sy=1
X, & S X
o NN
Y’ 2Xx+3y=6
The feasible region lies on the non-origin side of
2x+3y=6andy=1andon origin side ofx +y=8
The corner points of feasible region are
A(%,l), B(0,2), C(7,1)and D(0,8)
Substituting above points in Z = 4x + 6y, we get
. 3
Min,Z=12at A E,l and B(0, 2).
38. (b) The given data may be put in the following tabular
form
Refiner High Medium Low Cost
y grade grade grade per day
A 100 300 200 ~400
B 200 400 100 ~300
Minimum 1 15000 | 20000 | 15000
Requirement

Suppose refineries A and B should run for x and y days
respectively to minimize the total cost.
The mathematical form of the above is
Minimize Z = 400x + 300y
Subject to

100x + 200y > 12000

300x +400y > 20000

200x + 100y > 15000
and x,y >0

39.

The feasible region of the above LPP is represented by
the shaded region in the given figure. The corner points
of the feasible region are A,(120, 0), P(60, 30) and B4(0, 1
50). The value of the objective function at these points
are given in the following table

y

20000

300x + 400y

/

o

100x + 200y = 12000

Point (x,y) Value of the objective function
Z =400x + 300y

A2 (120, 0) Z =400 x 120 + 300 x 0 = 48000

P (60, 30) Z =400 x 60 + 300 x 30 = 33000

B3 (0, 150) Z =400 x 0 + 300 x 150 = 45000

Clearly, Z is minimum when x = 60, y = 30. Hence, the
machine A should run for 60 days and the machine B
should run for 30 days to minimize the cost while satisfying
the constraints.

(@ The given information can be summarized in the
following tabular form

. Time required to Max. Machine
Machine .
produce products hours available
Nut Bolt
A 1 3 12
B 3 1 12
Profit (in ~ ) 2.50 1.00

Let the manufacturer produce x packages of nuts and y
packages of bolts each day.

Since, machine A takes one hour to produce one package of
nuts and 3 h to produce one package of bolts. Therefore,
the total time required by machine A to produce x packages
of nuts and y packages of bolts is (x + 3y) h. But machine A
operates for at most 12 h.

N\
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X+3y <12
Similarly, the total time required by machine B to produce
x packages of nuts and y packages of bolts is (3x + y) h.
But machine B operates for at most 12 h.

Xx+y <12

Since, the profit one package of nutsis ~ 2.50 and on one
package of bolts the profitsis ~ 1. Therefore, profit on x
packages of nuts and y packages of bolts is of ~ (2.50x +
y). Let Z denote the total profit. Then,
Z=2.50x+y
Clearly,x 2 Oandy = 0.
Thus, the above LPP can be stated mathematically as
follows
Maximize Z=250x+y
Subject to x+3y < 12

3Xx+y <12
and, X,y >0
To solve this LPP graphically, we first convert the
inequations into equations to obtain the following
equations.

X+ 3y=12,

Xx+y=12,

x=0,y=0
The line x+ 3y = 12 megts the coordinate axes at A, (12, 0) and
B,(0, 4). Join these two points to obtain the line
represented by x + 3y = 12. The region represented by the
inequation x + 3y < 12is the region containing the origin
asx =0, y =0 satisfies the inequation
X+ 3y < 12.
Clearly, x > 0 andy > O represent all points in first
quadrant.
Thus, the shaded region OA,PB, in given figure

represents the fesible region of the given LPP.
y

B.(0, 12)

A(12, 0)

0 Xw, 0)

40.

The coordinates of the corner-points of the feasible region
OA,PB, are O (0, 0), P (3, 3) and B, (0, 4). These pointsare
obtained by solving the corresponding intersecting lines
simultaneously.

The values of the objective function at the corner-points
of the feasible region are given in the following table

Point (x, y) Value of the objective function
Z =250x +y
0 (0,0) Z=250%x0+1%x0=0
Ay(4,0) Z=250x4+1%x0=10
P@3,3) Z=250x%x3+1x3=10.50
B1(0, 4) Z=250%x0+1x3=3

Clearly, Zismaximum at x = 3, y = 3 and the maximum value
of Zis 10.50.

Hence, the optimal production strategy for the
manufacturer will be to manufacture 3 packages each of
nuts and bolts daily and in this case his maximum profit

will be ~ 10.50. Hence, (a) is the correct answer.
(c) The given data can be represented as given in the
following diagram:

Factory P
8 units

Minimize Z = x — 7y + 190 subject to constraints
X+y>4,x+y<8,x<5y<5x>0,y>0

Y

A
x=5

Bl

7,

6,

5/[E(0.5)\D(3,5)|y=5

“ALF (0, 4)

3l c(53)

2 =

1 N

1 ! ! ! < ! 1 LX

of 1 2 3 4\56 7 8\/
Xx+y=4 X+y=8

N\



Linear Programming

41.

42.

s-X11/159

Z=x-Ty+190

AtA(4,0),Z=194

AtB(5,0),Z=195

AtC(5,3),2=174

AtD(3,5),Z=158

At E(0,5),Z=155

AtF(0, 4), Z=162
Thus Z is minimum at E(0, 5) i.e., when x =0, y = 5. Thus,
for minimum transportation cost, factory P should suply
0, 5, 3 units to depots A, B, C respectively and factory Q
should supply 5, 0, 1 units respectively to depots A, B, C.
(a) Lettailors Aand B work for x and y days, respectively.
Minimise Z = 150x + 200y Subject to
3x+5y>30,x+y>8andx>0,y>0

Y

4
150x + 200y < 1350 10+

00, 6)

| | |
<0002 4 6

Corner points Value of Z = 150x + 200y
A(0, 8) Z =150(0) + 200(8) = 1600
P(5, 3) Z =150(5) + 200(3) = 1350 (minimum)
B(10, 0) Z =150(10) + 200(0) = 1500

Since the feasible region is unbounded and open half of
150x + 200y < 1350 has no points in common with feasible
region. Therefore the minimum labour cost is ~ 1350.

(c) Let the person takes x units of tablet X and y unit of
tablet V.

Minimise Z = 2x + y Subject to3x +y>9,

X+y>7, x+2y>8,x>0,y>0.
[Onsolvingx+2y=8andx+y=7wegetx=6,y=1and
onsolving3x+y=9andx+y=7,wegetx=1,y=6]

3X+y=9 2x+y=8 X+2y=7

Corner Points Values of Z=2x+y
(8,0) 16
6,1) 13
(1,6) 8 (minimum)
0,9) 9

Since the feasible region is unbounded and open half of
2x + y < 8 has no points in common with feasible region.
Therefore Z = 2x + y has 8 as minimum cost.
(@ Suppose x grams of wheat and y grams of rice are
mixed in the daily diet.
Since every grams of wheat provides 0.1 g of proteins and
every gram of rice gives 0.05 g of proteins. Therefore, x gms
of wheat and y grams of rice will provide 0.1x + 0.05y g of
proteins. Butthe minimum daily requirement of proteins is of
500.
0.1x+0.05y 250 = —+—L > 50
10 20
Similarly, x grams of wheat and y grams of rice will provide
0.25x + 0.5y g of carbohydrates and the minimum daily
requirement of carbohydrates is of 200 g.
y

X
0.25x + 0.5y = 200 = Z+E 2 200

Since, the quantities of wheat and rice cannot be negative.
Therefore, x =0, y=0

Itis given that wheat costs ~ 4 per kg andrice ~ 6 per kg.
So, x grams of wheat and y grams of rice will cost

= ﬂ*_ﬂ
1000 1000
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Ax 6y
1000 1000
Subject to the constraints

Minimize z =

Xy Xy
—+—=—2>50, —+=2> 200, > >
10+20 2t andx =20,y =0

The solution set of the linear constraints is shaded in
figure. The vertices of the shaded region are
A, (800, 0), P (400, 200) and B, (0, 1000).

(0, 1000)B,

The values of the objective function at these points are
given in the following table.

Valueof objective function

Point (x,
(x,y) 5= 4x , 6y
1000 1000
A(800.0) |\, _ 4 80048 0-32
1000 1000
P (400,200) |Z = —* %400+ —2_x 200 = 2.8
1000 1000
B,(0,1000) |Z = —%—x0+—>_x1000=6
1000 1000

Clearly, Zis minimum for x = 400 and y = 200. The minimum
diet cost is 2.8.

44. (o) Y
4

Xx-y=0

Xx-5y=-5
0.1« ] [5 5)
, 4’4
X € 0 > X

N
YI

The feasible region is unbounded whose vertex
of22)
IS 4 1 4 .

- . 55
s MinimumZ=2x+10yisat | —,—

4’4
5 5
- 7=2|=|+10| = |=15
wz=2[ 3§

PREVIOUS YEARS MCQs

(d) Corner point
At(0,0); P=0;At(0,10); P=30
At (10, 0); P=10;

20 20 80

At| —,— ;P =—=26.67
( 3°3 ) 3

(@ Feasible region of inequalities gives optimal solution

of LPP.

() Given Z = ax + by (i)
Now Z, ¢ = 4a+6b
=42=4a+6b (D)

and Z; 5 =3a+2b

3x19=3x(3a+2b)

=57=9+6b .. (i)
Subtract equation (iii) from (ii)

—=5a=15 = a=3,b=5

(b) Itis clear from the graph, the constaints define the
unbounded feasible space.

/N><

(0.3)

(0.1)

(—1,9/ o) i

(d) From the graph,
—/X+4y<14, x-6y<3
3x+4y<18,2x+3y>3

.

(-9.0)

N\
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6. (@ LetShamaliinvest ™ xin saving certificate and " yin Y
PPF. 6
- X+y<50000, x> 15000 and y > 20000 \5 X=3
_ 8 9 4t
Total income = ﬁx +ﬁy (2,3) (33 y=3
S 3,2
51 32
.. Given problem can be formulated as . Xx+y=5
Maximize Z= 0.08x +0.09y 1. . , .
Subject to, X + y <50000, X > 15000, y > 20000. o1 2 B 4 3N\
7. (@ - 3x+2y<i2or §+%s1

.. Corner points of the bounded region are :

2x+3y <12 or%+%s1. (3.2).(23&(33)

Z=10x +25y.
At(3,2), Z=30+50 =80 (Minimum).
and x>0, y=0 At(2,3),Z=20+75=95
At(3,3),2=30+75=105.
6 9. (a8 Theobjective function isgiven as, minimize,
ST Z=4x, +5x,
)\ Subject to constraints, 2x; + X, >7,
31 2X; + 3%, <15, X, <3 and x;, X, >0
2+ For line 2x; + X, =7
14 =12
) X1 0 1 2
12 3 4& BN Xo 7 5 3
For line 2x, +3x, =15
X1 0 3 6
X2

.. Corner pointsare : (0, 0), (0, 4),(4, 0) and (%%)
- Z=9x+11y.

At(0,0),Z=0.

At(0,4),Z=44.

At(4,0),Z=36.

48.

(g g) Z_108+132_@_
5'5) 5 5
.. maximum value of Z is 48.
8. (a) Z=10x+ 25y subjectto:
X+y2>5x<3;y<3;x=>20;y=>0

N \\
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Now, the value of Z at corner points are calculated as:

Corner points |Z = 4x;+ 5%,

A(35,0) Z=4x35+5x0=14 (minimum)
B(7.5, 0) Z=4x75+5x0=30

C(3,3) Z=4x3+5x3=27

D(2, 3) Z=4x2+5x3=23

Hence, the minimum value of Z is 14 at point (3.5, 0) which

lies on X-axis.

(c) Objective function of a LPP defined over convex set
attains its optimum value at atleast one of the corner
points.

(b) Inthe given figure, OC line passes through (0, 0) and

3,3).

So, equation of lineisy =x.

Also, shaded portion of this line is towards the X-axis, so

X-y=0.

In the given figure, line AB is parallel to Y-axis.

.. Equation of line AB is x = 5, also shaded portion of this

line is towards the origin, so

Xx-5<0o0rx<5.

In the given figure, line BC is parallel to X-axis.

Therefore, equation of line BC is y = 3. Also, shaded

portion of this line is towards the origin, soy -3 <0 or

y<3.

Also, the shaded region lies in first quadrant, sox >0 and

y>0.

Hence, constraints of given shaded region are x,y >0,

X-y20,x<5y<3.

(c) Since, objective function is Z = x, + x, and given
constraints are
Xy + X, <10, =2%; + 3%, <15, X, <6, X}, X, > 0.

A

2%y + 3%, =15

g-y/

Xn0.6) Q(\‘S 4
/ I D (6, 0)

P 1 } AN}

12,976 3 93 6 9 125 18

7 ©.0) I

>

Now, the point of intersection of lines x, + x,
=10and-2x, + 3x,=15is B(3, 7) and point of intersection
oflinesx, =6andx, +x,=101is

C(6,4)

Here, the feasible region is OABCD. The corner points of
the feasible region are O (0, 0), A(0, 6), B(3, 7), C(6, 4) and
D(6,0).

Cornerpoints | Z =Xy + Xy
0(0,0) Z2=0+0=0
A0,6) Z2=0+6=6
B(3,7) Z =3+7 =10 maximum
C(6,9) Z =6+4=10 maximum
D(6,0) Z=6+0=6

Hence, Z is maximum at each point of the segment joining
two points B(3, 7) and C(6, 4)
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